Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


D.D.t.zea  by  Google 


D.D.t.zea  by  Google 


D.D.t.zea  by  Google 


D.D.t.zea  by  Google 


D.D.t.zea  by  Google 


D.D.t.zea  by  Google 


ANNUAL   REPORT 


BOARD  OF  REGENTS 


MITHSONIAN  INStlTUTIOK 


THE  OPERATIONS,  EXPENDITURE),  AND  CONDITION 
OF  THE  INSTITUTION 


JULY,    1893. 


WASHINGTON: 
OOVEBNMEHT   PRINTING   OPPIOK. 

1893.  D:i  zectvGoogIc 


Concurrenl  reaolnd'on  adopted  by  Ihe  Sfmale  Frbiuarif  0,  IS9S,  and  bg  tke  Hou*e  o/  lU 
Te»e»talire»  Frbmarif  15,  ISA!. 
llrMilrtdbg  Iht  !ieKule{lhf  Hoiiteof  llepretentaliref  eommrriiig),  Tbat  tlivre  be  jiriiili 
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copius  for  tlie  use  of  the  Natiouul  Husuum. 
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SECRETARY  OF  THE  SMITIlSOiNIAN  INSTITUTION, 


The  annual  report  of  the  Board  o/KetjentK  of  the  Inxlitutioii  to  the  end  of 
June.  1S'J2. 


SWrTUSONlAN   iNSTiTI'TION, 
Wunhinijlott,  ]>.  ('.,  ■hity  /,  !S'JS. 
r«  the  Congress  of  the  United  tflateif: 

III  accordiiDce  witli  K«ctioii  5o!Kt  of  tli«  Ilftviscil  Stafiift'Hof  tbeUiiitcil 
Stnteis  I  faiive  the  honor,  in  beLalt'  of  tlie  Itoaul  of  tiegents,  tu  mibmit 
t»  Congre«K  the  annual  reiHut  of  tli«  operatiouM,  cxiR'ii<Utmes,  and  (soii- 
<lition  of  the  t^initbsonian  lustitntion  for  Die  year  ending  Juue  30,1892. 
1  liave  the  bonor  to  be,  very  reapoctfully,  your  obedient  servant, 
8.  V.  Lanulby, 
Secretary  of  Smitknonian  Institution. 
Hon.  Lkvi  p.  Moeton, 

Pri-ttidetit  of  the  Senate. 
Hon.  Chables  F.  Crisp, 

Upeaker  of  the  lioime  of  Representatives. 
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A3f5l'AL  EEPUET  OF  THE  SMITHSOXIAX  LVSTITCTION  TO  T] 
ESD  OF  JLXE,  isifi. 


I,  I'r'^*»«Iiiisr'»  <»f  Ih«r  JViard  of  Begeuts  for  the  session  of  Janoai 

i.  »v^  >^iiS^.  Execulive  Coinniitt«e, exhibiting tbe  fiuanual  affa 
'/f  1  )*^  iw^tniMfiL,  iitcludiug  a  Ktat«aifiit  of  the  SmitbsoD  tond,  aud 
•>-;;/'•  -4.%*^  «;j«aiilitiireB  for  the  year  ISIU-IC 

V,  AjujJiud  tvjwrt  oC  the  SeCTetarj-,  friving  a»  a<x-oaiit  of  the  opei 
■'t>ni'  Aiii),  <9ouditiou<if  tbelnstitattoii  tor  the  year  l&'91~-'92,  with  stat 

4.  '^•'iteiaJ  api*eiidix,  comprising  a  schictioii  of  mitx^Uaoeoiis  n 
iii'iiti-  oJ  iijUT«^«l  to  oollaborators  and  o<ttT«-si«oiid<'iit*i  of  the  Instil 
iiou.  tvtv^ere,  aud  others  engaged  iu  the  proiuotioo  of  knowledge. 
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-./  Ilii-  llmml  <,f  Urijenit. 

IIkMIV  CiiI'I'^IC.  .1.  B.  IlRNUERRON. 


JOURNAL  OF  PROCEEDIN(iS  OF  THE  BOARD  OF  REGENTS  OF 
THE  SMITHSONIAN  INSTITUTION. 


SPECIAL  MBKTINO  OF  TUB  KOARII   OF  KEGKNTS. 

OCTOBEK  21,  1891. 

Pursnant  to  a  call  by  the  Secretary,  a  special  meeting  of  the  Board  of 
Regents  was  held  at  tlie  InstitiitioQ  to-day  at  10:3(>  A.M.  I'reHeiit: 
tlie  Honorable  Levi  P.  Mort^tn,  Vice-President  of  the  United  States; 
the  Honorable  8.  M.  Cullom,  the  Jloiiorable  E.  L.  dibson,  the  Honor- 
able B.  Bntterworth,  Dr.  A.  I).  White,  l»r.  J.  i\  WelHng,  »r.  Keury 
Copp4e,  Gen.  M.  C.  Meigs,  and  the  Secretary. 

The  Viee-President  Uxtk  the  chair  and  vailed  the  meeting  to  onler, 
and  on  Dr.  Welling's  suggestion,  there  being  no  objection,  the  reading 
of  the  minutes  of  the  last  annnal  meeting  was  dis[)enHed  with. 

The  Secretary  then  stated  that  he  ha<l,  Rome  months  since,  entered 
on  a  eone.s}>oiidenire  with  Mr.  Thomas  G.  Hodgkiiis,  of  Setanket,  Long 
Uland,  and  that  Mr.  Hodgkins  ha^l  intimated  his  desire  to  give  a  con- 
Biderable  som  to  the  fund  of  the  Smithsonian  Institution  "  for  tlie  in- 
crease and  diffusion  of  knowledge  among  men."  Fnrther  correspond- 
ence led  to  visits  to  Mr.  HodgkiuN  by  tlie  Secretary  and  by  the  Assistant 
Secretary,  and  to  prolonged  conferences  with  him,  the  result  of  which 
Tas  that  Mr.  Hodgkins  ottered  a  donation  of  $200,000,  concerning 
»bich  the  Secretary  had  telegrajihed  the  Regents  June  22,  and  upon 
receiving  the  individual  appnival  of  most  of  the  liegents  to  tlie  accej)!- 
ance  of  the  sum  named,  Mr.  Hodgkins  had  later,  on  September  22,  at  his 
home  on  Long  Island,  given  this  amount  in  cash  to  the  Secretary,  who, 
in  company  with  the  Assistant  Secretary,  had  brought  it  to  Washington 
and  deposited  it  in  the  Ti-ejvsury  of  the  United  States,  with  the  nnder- 
Btandiiig  that  an  early  meeting  of  the  Regents  woulil  be  called  as  a 
My  Ui  consider  as  to  its  aceeptance. 

The  exact  term»  in  which  Mr.  Hodgkins  made  this  gittwoold,  the 
Secretary  said,  be  stated  later;  but  he  gives  1200,000  to  the  Smithsonian 
Institution  to  be  added  to  the  Smithsou  fund  proper  "for  the  increase 
and  diffnsiou  of  knowledge  among  men,"  with  the  condition  that  the 
inrome  of  $100,000  of  the  gift  shall  be  used,  under  this  general  purpose, 
fcr  the  e»peeial  one  of  the  increase  and  diffusion  of  knowledge  by  in- 
"eiitigating  and  spreading  knowledge  concerning  all  the  phenomena  of 
atnioHplieric  air. 
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Tlii»  mratlne  was,  therefore,  called  in  pni-soance  of  thin  undenitand. 
Sk"'     "'""  *'"'  "'""'  *"  """"  '""'«"  <»nn>™i»g  tbe  Zoological 

Or.  Welling  «ud  tliat  he  liad  been  instrncted  by  Ms  colleagues  on 
tlie  Kjointive  Committee  to  bring  the  matter  of  tils  donation  before 
the  liegent,  ,„  such  a  way  that  they  can  accept  or  reject  the  mumOeent 
relSL  ''        ""''''"■"■    "«  ""o  «'«1  the  tollomng  preamble  and 

'it™  r!r^  «"..ll.~nlan  IMltrtlo.,  th.  ™„  .t  t,o  h.ndr.d  ll,„i,.„d 

.iiii.™.  tor  11,.  porpMo  ileel.r.»l  hy  l|m  in  .  fcm,]  .utemrat,  u  follow. : 

I    Tl,nm.^  *>     11     1    .  •  ,  ,  SBPTKMBBR  22,  1891. 

...I  Zr.  Li,7""'  ;"»"'•'"■•'■  »••  I'''".  "-I""!!  "  l»o,..„  th,  endow. 
!Lr.„d  «»"k>ou..n  lD.t.toOon,  fcondrf  ,„  n,  oily  of  WuliiogUn,  for  .U. 

mSI  1.^,^  ;    ,    '^  *""""""'•»  I"'l«"tio.,  th.  .„„  of  ,.„  lu.drrf  ,b„.™d 
t°  riJ  rtZTl^      ?    """'  *"  "■"  """''  °'  "''""  "'  "»  S»ilt.<..i.n  I".U- 

., "^  ^^'iJIJ^  "",[      "","""""°"  f""'.  ""I  i"  l»»~l  „  b.  .p,li,i  „  lb, 
>W^,?r.n  fr        '"""'•'«'■  ™""K  '"•"  -■""•  f""d  to  1-,  0.1M  tb.  Hodgkla. 

".^"~ul"d"*"'r  ,'**  ,';"•■"■'  °"'"  ""'■""«'  "■""-"I  .Ml-"  "f  a. .  f"d 

|»r,..o.„U,  d,v„t«l  to  lb.  Iiicr™,  „,d  dilfo.ioi,  of  more  o.aot  k„owl«W  l„ 
ndprep.r,l»ofal„„.„|,.,i.„|,,  |„„„„,,,l„„,„^^^^l 
ul..  Iif.  nod  lb  bi»  rol.ttai.  to  bi.  Crutor,  tb.  nni.  to  b. 
f  of  pn»^  for  whiob  competition  shall  b.  open  to  the  world, 
>..n«ut  irutUe  r.K»r<iinK  tb.  pbenomeua  on  which  life,  health. 
Icpeiid  .hall  1„  .ml«di.d.  or  by  .acb  other  mean,  u  in  yeaii 
Ul  the  KcKent*  of  the  Smiibwnian  Institution  calculated  to 
Spent  re.ulle.     •     •     ■ 

TnoMae  O.  HonoKms. 


'ipmis  hereby  accept  the  aum  in  ijueetion,  subject  to  the  con- 
lic  donor,  and  that  tbe  Secn-tary  is  instructed  tn  carry  into 

Z  t  stir,:,,',™,'"""" " " '"  -"  ■"  "•"'"■" 

»r.l.r.i  I.  luMnn-l,..!  l„  place  the  sum  of  KOO.tM  in  the  U.  S. 
"'l,'''.',T-,T,'''''''*'''"°''"''"»''»''°'™'«"»". 

mbll,''!,!!!.';,"',"?'  ■"■."'«•■■'•'""  ".*.^l  to  Mr.  Hodgkm. 
..11»1  d.u,,„.,,,.„d  th.,  an  ensrcedcopyofth. 

"' ""  '>"  'rau.mittcl  to  him  by  tb.  S,.eretary. 

."lion  n.  lo  wl,,.th..r  this  ,„,,  .„  „!,,„„',„„  ^ft  ^ 

"•'"■» and  ihn,  Mr. n„lgki„s,h„„,„ghly under 

« II.  aiiliori  1,„„„  ,„  iin,  p,„„^  ,j,|^  ^^  ^^^  ^^^^ 

I    »|.«   „  «,nr  hi,  own  nann-  as  »  sub-Htle. 

'";" '"  '""'"'"■• '"  l>'"Sth,  quoting  freqnently 

"'"""  '"  '»>■'"  "1  •.'.^ptiug  the  gift  with 
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its  conditinoK,  and  (Hincliidiiig  liU  remarks  witli  a  motion  tbat  tlie 
resotutionB  be  ailopted. 

The  Gliairman  liaviug  put  the  question,  the  resolutions  were  unani- 
mously adopted. 

The  Secretary  then  brought  before  the  Regents  the  difficulties  under 
which  he  was  laboring  ttom  the  insufficient  appropriations  for  the  Na- 
tional Zoological  Park,  and  after  a  full  discussion  of  the  special  difti- 
culties  of  the  situation  belonging  to  a  novel  undertakiiig,  where  no  one 
coald  say  beforehand  what  appropriation  would  certainly  be  required 
under  each  item,  but  where  limited  appropriations  are  nevertheless 
made  in  nnchangeable  specific  items,  unsupplemented  by  discretionary 
power,  the  following  preamble  and  resolution  were  adopted: 

Whereas,  the  National  Zonlogical  Park  has  been  placed  under  the  direction  of 
Uiis  Board,  under  legielative  conditions  qnile  other  than  tbose  contemplated  at  the 
time  that  the  reepoDEibility  of  itti  adminiBtratiou  itan  accepted  b;  it; 

Bttolved,  That  the  8ecretarj  in  aiithorixed  and  instructed  to  reprasoDt  to  the 
ptopei  committeee  of  CoDgieaa  the  difHculties  wliich  these  conditions  iuipuse  upon 
(he  Btlfutnistratiun  uf  the  Inetitatiou,  and  to  ad  vine  Biich  logixlatiou  as  uiay  do  away 
with  the  present  aysteu  by  which  hiUf  of  the  eipeiiHu  of  said  park  ia  paid  from  tho 
rBTennce  of  tho  DiHtrict  of  Columbia;  and  also  to  advise  sQch  changes  in  the  form 
of  fature  appropriation  bills  as  may  l>o  reqiiiHitu  t<i  do  away  with  the  especioUy 
impoeed  difficulties  which  are  uow  eniwuutcred  in  carrying  on  the  work. 

A<Uoumed. 


D.D.t.zea  by  Google 
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a5>—a].   JltETDiG   i>F  THE   B<.>ARO  OF   BEGKNTS. 

Jaxiaey  27, 1892. 

Tif  iLL^Tifci  ru^^riug  of  the  Board  of  Regents  of  the  SmithsoDiarii 
iit>7r^~j,'i-  *»s  h'-Iti  io-<lay  at  10  A.  si.  Present:  31r.  Chief  Justice 
rxlKT-  v>:^pT>-:d^m  Morton,  the  Hon.  J.  S.  Morrill,  the  Hon.  S.  M. 
vtlj  m.  ij>-  Q  -n.  B.  L.  Gibson,  the  lion.  Joseph  Wheeler,  the  Hon,  W. 
C-  F-  Brw£ii:.-i.i?e.  Dr.  Ueurj-  Coppee,  Dr.  J.  B.  Angell,  Dr.  William 
Ptv<:.'1.  J  ■l:,<T''U,  the  Hon.  J.  B.  HendersoD,  and  the  Secretary. 

E.Z.  — ■— -~  -■■!■  ni.>n  attendame  were  read  from  Dr.  J.  C.  Welling,  caosed 
\j  Zlz-T-^s^  Jt.d  from  Dr.  .V-  D.  White,  by  important  engagements. 

TV-  <- 1  *s<.-«I)or  siateil  that  the  minute's  of  the  annaal  meeting  of 
■Jkiiiary  r^.  1-<^1.  and  nf  the  special  meeting  of  October  21, 1S91,  were 
^  ^ -1.-.  irrj '-le  l^•:li.^ll,  and  tite  Secretary  was  requested  to  read  them 
12.  »":>T5r-*  t-  *L:i-L  was  done. 

TiK-  s*»r*-L4ry  anuonnced  that  the  Vii-c- President  on  December 
15.  ;--*:.  rv  .>:'[>>iiDied  as  Begent  the  lion,  J.  S.  Morrill,  a  United 
^-ti.:-^  >e^-:-«:  ih.n  ib«-  Si>eakerof  the  House  had  re- appointed  Repre- 
I--- ■:,.?:.•--'  -fj.h  Wbfvler.wf  Alabama:  Henry  Caliot  Lodge,  of  Massa- 
fii--rr:s.  ^c-l  a;>i"iiiite<l  Representative  W.C  P.  Breekinridge,  of  Ken- 
TD'ty.  S--.I  :":.j;  luribcr  va^-ancies  in  the  Board  had  been  filk-d  by  the 
j>  B"'>  '.-..T^n-Li.  Sy  iiiiui  resolulionapproved  by  the  President,  January 
J(L  "■.•!!*::.  >.f  Ht-nrr  i'opix'-e,  of  Pennsylvania,  and  I)y  the  appointment 
oi  'V\~i'::hiij  I'rt— t<>u  .lohnstou.  of  Louisiana,  and  John  B.  Henderson, 
erf  tin-  ]>isTriiT  <if  O'liimbia. 

The  Sei-reiarj-  aunooncitl  ihe  death  of  i'nn.  >1,  C.  Meigs,  a  Ilegent 
jU  hir^e,  «m  Jaimari-  2.  1S1»2. 

l»r.  Oojiiti:^  miived  that  a  committee,  toctmsist  of  one  member  of  the 

Board  and  the  Stcretary.  Ih-  ap[Mkiiite<l  to  pn-sent  to  this  meeting  an 

oliimai^'  notii-*'  of  the  late  Gen.  Meigs.    Tlie  mtttion  was  carried,  and 

•I...  <-<).. .».,aii,^.>  ),,„i,ii,;4t<t,l  ])r_  (;,,pp^;^  (oj^.t  with  the  Se*Tetary.     Dr. 

>;pn'ssing  his  n'^in-t  at  the  illTies.s  of  the  ehairmaa  of  the 

niittee.  and  his  |>ersonal  sorrow  at  the  death  of  his  col- 

ooimittit'.  (u'U.  Meigs,  read  the  following  memorial  reso- 


1  .(.■>ii¥s  lo  ptu^e  on  rwcotd 
1'  in^al  liKu  il  has  suffered  in 
s  luruilHT  of  the  Board  and 
i-i's  lo  Ihv  liiMitutiuD  began 
a  r^^Ql  and  ^mltnned  astil 


iiu-iitly  a> 

»H-i.>l.^l  Willi  m. 

my  uspfnl  nndertakingB,  his 

inarkv^l  bv  iui;» 

.rviai:  n>l?1ity  anil  extraor- 

i|wl  .-v.-ii 

txol-  UMir.>,M.i 

o-.il>-  !«■  Virirfly  mentioned, 

.who, 

a,i.-.M.n  Ihowt^ 

;.>■  of  the  lostitation. 
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HdH  iKim  ou  tli«  3(1  of  Miiy,  tSlG,  at  An^iiHtii,  On,.  wLcro  his  futLor,  Cbarles 
D.  Mriga.  ulterwuTdtt  tlie  umirieul  pIiysiciiiD  uud  iintlior  uf  Pbiluilul|iliiii,  was  thi'Ji 
practicing  mudiciiic.  After  {iTRlimiuary  ntuiliutt  of  thi)  University  of  PcuitdylvaDiu, 
he  cnlcKd  the  Military  Academy  nt  West  Poiot  on  the  Int  of  July,  1832,  and  wati 
gndnated  with  distinction  in  1836.  He  was  nt  ■>iii'u  uppoiutcd  to  it  poHitiou  in  the 
utiltsry  serrice,  and  in  the  followiug  ^itr  was  traiisfoireil  to  the  Voipa  of  EriKJ- 
offn.  In  1849  he  was  engaged  in  the  En|;ineer  Bureau  at  WnsbingtuD,  and  fruui 
that  time  DUtil  the  nntbreak  of  the  civil  war  his  activity  was  prini^ipally  directed 
in  (he  ronstmction  of  Uovomment  works.  Toward  the  cIoho  of  1852  he  made  a  snr- 
r»y  at  Washington  to  determine  the  beat  plan  for  supplying  the  eity  with  wi.t«r. 
Be  was  evcutnally  placed  in  charge  of  the  work,  which  inctadcd  the  designing  and 
coDsttiKtion  of  the  Potomac  acquedact.  This  remarkable  work  containn  a  singli^ 
trch  of  220  feet  span,  which  still  remainH  the  largest  stone  arch  hitherto  coustmctod. 
Ha  also  had  charge,  as  anpervisiug  engineer,  of  the  north  and  aouth  extensions 
of  the  National  Capitol  uiid  of  the  ruiistrnc.tion  of  tlie  iron  <Iome,  aa  well  as  of  the 
MTlhvard  eilirnsioD  of  the  General  I'ost-Onice  building. 

When  the  war  bruke  ont  hti  was  apiK>inted  colonel  of  the  Kleventh  infantry 
iHiyll,  1861}  and  afterwards  qiiiirtermanter- general  uf  the  U,  8.  Army,  with  the 
rsDlf  of  brigailinr- general.  This  jmst  required  iiunsual  administrative  ability,  with 
t  probity  which  ooinnianiled  general  recognition,  an<l  it  wan  because  of  his  high 
integrity  and  the  etrength  of  his  pemoual  cliaractor,  as  well  as  his  acknowledged 
(aparily  for  bnsiaesa,  that  ho  was  entrusted  with  the  handling  and  use  of  hundreds 
nf  millions  of  ilollara  in  the  grout^'Ht  war  ever  waged. 

This  is  not  tbo  plate  to  recount  his  military  services.  Thi-y  were  numerous  and 
admirably  diwiiurged.  His  duties  took  him  to  all  parts  of  the  country,  councctuil 
kim  irith  many  fields  of  labor,  and  engaged  hini  on  the  most  vHricd  I'omiiiisBionH. 
Snffice  it  to  say  that  he  fully  JnstJIii'd  the  conlidunco  inipOHoil  hi  biiu  by  rresident 
Lincohi,  performing  with  signal  ability  the  ilutiea  cntninted  to  hiiu.  In  1864  ho 
rewired  the  welleiimed  title  of  brevet  iiiiuor-geiu>ral  in  the  Army. 

Even  during  thoiM'rind  of  his  seniue  in  the  Army  he  wiih  engagol  theroccu- 

pUiMw;  rendering  the  Smithsonian  tiiBtitutton  moKt  important  service  in  1«78  by 
dnifing  the  new  building  for  the  National  Museum,  a  marvi'l  of  ncouiiuiie  design. 

While  still  full  of  vigor  (ieu,  Meigs  won  retin-d  ttom  aetivo  servi<'ii  on  the  6th 
of  Febmary,  1882,  by  the  inexorable  law  which  makes  the  grand  elimacteric  the 
ptriwl  when  military  inaction  1>egins.  Hut  he  was  by  no  means  iillc.  lln  nignnlizcd 
Ua  talent  oh  an  architoct  by  the  construetion  of  tho  rcnHinn-Office  lintlding  at 
Wtriiiugtou  between  the  years  lf4K2  and  1887. 

Hrwasetecteila  fellow  of  the  Nalioniil  Academy  uf  ScicncvH  in  1KR5.  and  a  regent 
nf  (he  SmithNoninn  Institution,  ae  u  "citizen  of  Washington.''  iind  divoetly  upon  his 
cnttanee  into  the  lioard,  l>ccemb('r  26,  IS8.'i,  Ixteame  an  active  membur  nf  its  Kxocu- 
tivt  Committee.  Ue  waH  always  present,  extremely  painstaking,  and  eminuutly 
jadicioDB  in  bis  cuunsei  and  .Indgment  oji  imiwrtant  )>oints  of  business  and  policy. 
He  had  jnst  lieen  uoniiUHti<d  nn  regent  for  another  term  of  hik  yearn  when  he  was 
liken  away  froni  as  by  Huddeu  illne.is  (.lannury  2,  1892). 

He  wan  eminent  us  a  noldiiT,  aa  a  scientiHe  investigator,  as  a  public- spirited  citi- 
iM.  nud  OB  a  man.  Industrious  and  exact  in  buninesa,  lie  knew  no  idle  time.  He 
"u  a  busy  man  even  when  he  apeut  u  year  in  Europe  for  his  health  in  18<i7  and 
IW8,  aawell  as  ou  his  visit  there  in  18Tri  on  Government  siTviee. 

i'f!  rvgenta  have  been  uf  snch  importance  to  the  InHtitiilion  as  Gen.  Meigs,  and 
'lix  fitting  that  we  should  reconl  our  tribute  of  thankfulness  for  bis  eminent  aerv- 
i«»  and  oar  groat  sorn.w  at  his  loss.  He  was  a  man  faithful  in  all  things,  who  has 
left  behind  him  an  enduring  reputation. 

Senator  Gibson  move<l  the  adoption  of  the  memorial  and  that  a  copy 
thereof  should  be  sent  to  the  family  of  Gen.  Meigs,  whieh  was  i-airied. 
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Tlie  Socrebiry  preseiitwl  Uis  aiitiual  i-«|X)rt,  with  the  remark  that  he 
hiul  tAkeii  piiiiis  to  pluce  matters  of  miuort'ouseqiieDce  in  the  appendis, 
BO  that  wh:it  wiif;  most  deserving  atteutioa  had  been  comprised  in  so 
few  pages  that  be  might  hope  it  wotdd  be  fonnd  to  be  within  readable 
oompitBB.    The  report  was  accepted. 

Dr.  Copi>ee  said  that  owing  to  the  absence  of  his  colleagae,  Dr. 
Wflling,  lie  found  himself  acting  for  the  Executive  Committ€e,  and  he 
would  present  the  committee's  report  for  the  year  ending  Jane  30, 1891. 
On  motion,  the  report  was  adopted. 

The  Chancellor  stated  that  the  election  of  a  new  member  of  the  Kxec 
utive  Committee  was  in  order. 

Gen.  Wheeler  moved  that  the  Hon.  John  B.  Henderson,  of  Washing- 
ton, be  electeil  to  Ull  the  existing  vacancy  on  the  committee,  and  the 
motion  was  carried. 

Dr.  Copi>ee  offereil  the  following  resolation  relative  to  income  and 
espenditun's,  which  was  adopted: 

Brtelrtti,  That  the  inrome  of  the  Institntiun  for  the  fiscal  .vear  eading  Jnne  30, 
ItClS.  be  upptvpriaird  fur  th>^»errice  »f  the  loelitntioa.to  beexiieoded  by  the  Secre- 
tary, iriih  the  atlvicr  of  the  Executive  Cammitlee.  npou  the  basisof  the  operstiana 
desoribed  in  the  laet  annual  report  of  said  committee,  with  fall  discretion  on  the 
part  of  the  Serielar?  as  to  itaais  of  espenditurse  properly  falling  aader  e*cfa  of  Uie 
Iieadit  euibrai-ed  in  the  established  ctmdact  of  toe  Institution. 

Dr.  Coppee  then  stated  thitt  he  ha<)  the  following  resolation  to  oSer 
ID  connection  with  the  snl»ject  of  the  astro- physical  observatory: 

Brfolnd.  That  Cou^rto  having  appropriated  iflO.WN)  for  the  maintenance  of  an 
a*tro-phjsi>'al  ohiier*;it"ry,  wilbuiit  lefereui-e  to  any  precetlent  rratdJIton  of  bnild- 
insH  to  be  fnmi^bed  by  the  Smithsonian  In^tiltilion.  that  the  Secretary  be  anthor- 
ized  to  rxpend.  nnder  (be  ^nenl  reiioliitiou  relative  to  income  an<I  eipenditue.  the 
KLim  of  *5.0rO  be-i'ieathed  by  l>r.  J.  H.  Ktddcr.  and  t&.OOO  eiren  by  Al«zandM 
(Irahvn  Bell,  in  diieclions  comwDaut  with  the  known  wishce  of  the  testator  and  the 

He  wouhl  ask  the  ^^e^rretary  to  explain  the  purport  of  the  re#^lution. 

,m..  -> — .v»..„.  ....i.t  Hmt  he  would  recall  to  the  Regents  that  *.5,000 
!  of  the  late  Dr.  J.  II.  Kidder,  and  $5,000  given 
■am  Bell,  thron^h  the  Secretary,  had  been  de- 
t.  iu  the  Treasury,  ami  did  not  form  a  portion 
tere.st.  At  their  meeting  in  Janaary.  1591.  the 
n  effect,  that  it'  au  appropriation  for  an  astro- 
rere  made  by  Congress,  contingent  on  the  con- 
it  ^aid  itljservatorj'  by  the  Institatioa  on  a  soit- 
ed  by  (.'oiigress,  they  would  appntpriate  this 
There  being  no  present  deinand.  then,  or  liketi- 
lev  for  Che  puqiose  mentioned  iu  the  tir»t  reso- 
w,w  olfereii  to  enable  the  Secretary  ti>  employ 
.in  iiDier  ways  ctiusouattt  with  the  purpose  t^ 
non  vr.iA  then  passed. 
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The  Secretary  stilted  tbnt  being  last  yeai'  iu  Paris,  uud  kiinwiug  that 
the  remains  of  Smittson  were  in  Genoa,  be  miulenHpecinljoumey  there 
f«r  the  pojpoae  of  seeing  if  the  plac«  of  sepulture  of  the  founder  of  the  Iu- 
atitution  was  properly  cared  for.  The  tomb  of  Smithmn  is  on  the  bilU 
of  San  Benigiio,  high  above  the  ttiilf  of  Ueiiom  ia  a  small  and  obncure 
cemetery,  Trhose  very  existtinct-  i»  unknown  to  the  majority  of  the  peo- 
ple of  the  city.  It  is  the  jiroperty  of  the  English  Guvt'rnment,  iind  in 
the  immediate  charge  of  the  British  consul.  The  tomb  was  a  substantial 
Rtructnre,  but  it  appearul  to  have  hatl  uo  attention  during  the  sixty 
years  of  its  existence,  though  otlier  tombs  in  the  small  iuclosure  bore 
evidvnceof  continued  cnre.  The  Secretary  showed  drawiugsof  the  tomb 
aiid  its  present  snrroundings,  and  stated  that  be  had  taken  upon  himself 
the  responsibility  of  depositing  a  small  sum  at  the  cost  of  the  Institution 
to  iDSore  ita  suitable  And  perpetual  care.  He  had  provided  for  this  with 
the  advice  of  the  American  consul,  who  had  shown  much  kind  int<.-rest 
in  the  matter,  but  he  had  thought  that  the  Regents  should  know 
that  there  was  nothing  atwut  the  tomb  to  show  that  it  was  the  resting 
place  of  the  founder  of  the  Institution,  and  that  it  might  possibly  be 
desirable  that  some  instructions  should  be  given  as  to  supplementing 
this  action  by  placing  a  suitable  tablet  upon  the  tomb,  or  otherwise 
adding  some  fitting  inscription.  He  further  statetl  that  he  had  under- 
stool  that  it  was  very  possible  that  the  site  of  the  cemetery  might  be 
Dsed  for  other  purposes  by  the  Italian  Goverunieut,  and  that  in  case  of 
the  removal  of  the  remains  of  Hmitbson  it  might  seem  fitting  that  they 
should  be  brought  to  this  country. 

Senator  Gibnon  moviMl  that  there  l>e  an  expression  of  the  approval  by 
the  Regents  of  the  Secretary's  action,  and  tliat  the  whole  matter  be  re- 
ferred to  the  ICxe€Utive<'omnuttee,  with  authority  to  act  for  tlie  Rt^gents 
in  any  further  st«p8  that  might  betwme  necessary,  Tlie  motion  was 
wried. 

The  Secretary  stated  that  he  felt  it  his  duty  to  represent  to  the  Re- 
gents that  he  was  unable  to  carry  on  the  Zoological  Park  for  the  sums 
appropriated  by  Congress.  He  wonld  recall  to  the  Regents  that  the 
maoagemeut  of  the  park  had  originally  been  undertaken  by  them  with 
the  expectation  that  it  wonld  be  used  primarily  for  national  scientific 
and  utilitarian  purjHtses,  but  the  action  of  Congress  in  raising  one-half 
of  the  sum  from  the  taxpayers  of  the  District  led  to  a  very  naturRl 
demand,  ou  the  pare  of  the  latter,  for  the  eiilargment  of  the  entertain- 
ment feature,  which  was  what  especially  iiiterested  them,  and  that  this 
demand  had  consideration  in  Congress  was  shown  by  the  debates.  The 
general  result  of  all  this  was  a  tendency  of  the  park  to  become  an  ex- 
pensive pleasure  ground,  re<)uiring  a  much  larger  annual  outlay  than 
the  comparatively  inexpensive  scheme  which  the  Regents  had  (n'igin- 
ally  recommended.  At  the  last  session  of  Congress  his  very  carefully 
conHidereil,  and,  he  believed,  economical,  estimates  had  been  rednc<Hl 
by  about  one-half  in  the  appropriation  actually  made,  which  was  iu 
H,  Mis.  114 II  or2.<:t;Coogk 
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tliree  ilem-s:  For  bniMings,  improvemtiiits,  aud  uuUnt^^iiauce.  While 
all  were  iiisuffident,  that  for  maiutenaucc  (wliicli  was  esseutially  for 
the  vare  anil  food  of  living  animals)  was  peculiarly  inade^iuate,  elnce  it 
left  Uim  uuable  to  rare  for  creatoies  who  could  not  care  for  themselves, 
and  ought  not  to  l>e  alloweil  to  snfTer.  This  item,  then,  was  notably 
difiereiit  in  kind  from  those  providing  for  buildiugs  or  roads,  which 
might  be  left  ineomplete  with  less  iinmwJiat«  damage  or  only  ptjcuuiary 

loAB. 

Senator  Morrill  expresseil  his  regret  at  the  de|>lorable  iusufficiem-y 
of  the  Hppropriatious  for  the  i>ark,  and  at  the  neeesaity  of  contemplating 
the  sundering  of  the  pari:  from  the  Institution,  but  he  was  of  the  opin- 
ion that  sneh  a  separation  would  become  desirable  unless  some  change 
was  wade.  He  thought  it  out  of  the  question  that  the  matter  should 
continue  on  the  present  footing,  and  the  Smithsonian  oiight  not  again 
to  be  put  imder  the  necessity  of  caring  for  any  part  of  the  park  out  of 
its  private  funds,  even  temporarily  and  indirectly. 

Further  rcuiarks  were  made  by  Mr.  Breckinridge  an<l  Mr.  Whet'ler. 

With  reference  to  the  administration  of  the  Institution,  the  Secretary 
recalled  that  the  Assistant  Secretary  has,  as  such,  no  power  to  act  in 
the  Secretary's  place,  sucili  as  the  Assistant  Secretary  in  any  Execu- 
tive Department  possesses,  and  that  he  can  not  even  execute  such 
routine  signatures  of  necessary  vouchers  and  like  pai>ers  as  in  Executive 
Departments  the  law  authorizes,  not  only  him,  but  his  subordinates 
to  do. 

Apart  fh>m  the  important  administrative  duties  assigned  to  the 
Secretary,  there  present  themselves  daily  a  great  many  vouchers  and 
like  routine  papers  for  the  Treasury  from  the  diifereut  buretius  under 
his  charge — papers  which,  as  has  just  been  stated,  would  in  every 
bureau  of  any  Executive  Department  of  the  Government  be  signed  by 
a  subordinate  officer;  while  here  the  Secretary  or  Acting  Secretai-j' 
must  jierson ally  sign  such  routine  money  papers,  under  a  custom  which 
baa  grown  step  by  step  from  small  beginnings  to  be  a  hardly  tolerable 
burden  in  the  illness  or  absence  either  of  the  Secretary  or  of  the  Ae^ 
ing  Secretary,  while  for  their  Joint  illness  no  provision  is  made  what- 
ever. To  meetin  part  the difBculties  arising  from  the  necessity  of  delc- 
giitiug  authority  for  signing  vouchers  iind  like  Treasury  papers,  it 
was  stated  that  by  proper  action  of  the  Board  of  Itegents  all  re(piire- 
uieiits  of  the  Ti-casury  Department  might  be  met. 

No  similar  difficulty  exists  in  any  Executive  Department,  liecaase 
in  all  such  tlm  law  provides  not  only  for  the  Secretary  and  Acting 
Secretary,  but  tbr  a  line  of  succession  of  subordinate  officers  author- 
ized to  execute  siich  act«  as  the  daily  conduct  of  their  re8i)ectivc 
bureaus  renders  ncfvssary. 

Tlie  Secretary  jtoinled  outthat.  owing  to  the  established  principles  of 
conduct  in  the  Smithsonian  Institution  (which  there  was  no  int«ntiou 
here  of  dei)ai-tiug  frtmi),  the  Secretary's  power  had  never  bOeu  diffused 
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aud  delegated  as  was  the  case  in  the  Execative  Departments  of  tlie  Gov- 
eriimeut,  where  there  were  several  persons  in  every  separate  bureau 
who  had  a  right,  in  case  of  the  absence  not  only  of  the  Secretary  and 
Acluig  Secretary,  bnt  of  the  head  of  the  bureau  itself,  to  carry  oil  its 
;iff)iirs,  and  es|>ecialiy  to  sign  sncb  money  papers  hh  were  required  for 
itn  current  biixinei^s  with  the  Treasury.  There  wa«  no  time,  however, 
iu  tbe  patit  twelve  years,  when,  in  the  johit  event  of  the  illueas  of  the 
Set'retary  and  the  Acting  Secretary,  there  was  any  such  provision  for 
carrying  on  the  current  business  of  the  Institution.  The  Secretary 
fbrthfr  pointed  out  that  since  the  provision  for  an  Acting  Secretary 
VIM  first  made  in  18T9,  he  had  made  a  computation  of  the  amount  of 
bosiiiess  coming  before  the  Secretary  then  and  now,  which  shows  that 
the  work  is  at  present  from  eight  to  ten  times  that  when  the  first  legis- 
latiun  for  an  Acting  Secretary  was  asked  for. 

Dr.  Copi)^e  said  that  owing  to  his  long  connection  with  the  Institu- 
tion—perhaps the  longest  of  any  member  present,  witJi  the  possible 
exception  of  Senator  Morrill — be  felt  particularly  iu  a  position  to  cor- 
roborate tbe  statements  made  by  the  Secretary  as  to  the  growth  of  the 
bnsineiM  of  tbe  Institution  since  the  passage  of  the  act  relating  to  the 
appointment  of  an  Acting  Secretar>-,  and  he  thought  the  best  manner 
of  effecting  this  immediate  relief  to  the  Secretary  was  covered  by  the 
following  resolution : 

Bavhal,  That  the  SMiretary  be  empowered  to  appoint  some  snitable  peraon  who, 
ID  case  orueed,  maj  Bif^asucliTeqiiiBitioiiB,  vouchers,  abstracts  of  vouchers,  accounts 
nurrat.  and  indorMii]«nt«  of  checks  and  drafts  as  are  needed  in  the  current  Iiuhi- 
nnatof  the  luBtitntioD  or  at  auy  of  its  hureauH,  and  are  customarily  bi^pied  iu  the 
bnmuu  «f  other  depurtmeutB  uf  the  Oovemment, 

He  added  that  as  this  came  before  tbe  Board  at  a  late  lionr  he  would 
more,  iu  order  to  give  time  for  its  consideration,  that  the  whole  matter 
be  pnt  in  tbe  hands  of  a  committee  api>ointcd  by  tbe  <Jliancellor  with 
power  to  act. 

Tbo  Chancellor  stated  that  undoubtedly  the  increased  growth  of  the 
iDstitution  bad  introduced  new  demands,  and  that  it  was  desirable 
that  tbe  action  in  reference  to  them  should  be  carefully  studied. 

After  further  remarks  by  Mr.  Breckinridge  and  Mr.  Henderson  and 
otber  members  of  the  Board,  Dr.  C!op|)^e  said  that  he  thought  the 
action  uf  tbe  Executive  Committee  could  cover  the  ground  of  the  rcso- 
iQtiou,  and,  on  motion  of  the  Vice-President,  the  whole  subject  was 
trferred  to  the  Executive  Committee  with  power  to  act  on  the  resolu- 
tion. 

The  Secretary  said,  in  coimection  with  what  had  just  been  done, 
that  the  increased  burdens  of  extraneous  duties  iminised  by  Congress 
vere  accompanied  by  special  expi-nses  for  administering  appropria- 
tions for  which  no  legislative  provision  was  made,  and  which  necessa- 
nly  fell  on  the  limited  Smithsonian  fund,  partly  in  indirect  ways. 
Thrae  was  no  provision,  for  instance,  for  a  disbui'siug  officer,  or  private 
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ifKttlJtTy.  or  ^teougraphers,  or  clerks,  or  messengers  to  attend  to  the 
adsuiiistrative  ilatie:*  commou  to  all  tite  bureaus  under  ttae  Regents' 
carv. 

Dr.  Copi««  offered  the  following  resulntiun,  at  the  same  time  railing 
tbe  atteolioii  of  the  Board  that  it  referred  to  public  fiiuds  only : 

Xn—tnd.  Thai  tbe  Sect*tat7  be  inetmcted  toank  fnraiisppropriatioQ  byCoUfCfMs 
[a  Ba«t  lb«  BiarallaDcoiu  eipriutee  inridcDt  to  the  adminuttration  of  thi>  public 
foiuiit  vitk  whkh  th*  RrgcniB  an  iolraBted. 

(>•  modoQ  the  iv;<otntiwu  was  adoptiil. 

Tbere  braig  DO  fiirther  business  befoi-e  the  meeting  the  Board  ad- 

JtKiriMNL 
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SPECIAL  MEETING  OP  THE  BOARD  OF  REGENTS. 

March  29, 1W2. 

A  special  meeting  of  the  Board  of  Regents  was  held  to-day  at  a 
qnarter  before  10  o'clock  A.  M.  Present :  The  Ohaucellor — Mr.  Chief- 
Justice  Fuller,  in  the  Chair;  the  Hon.  Levi  P.  Morton,  Vice- 
President;  the  Hon.  S.  M.  Cullom;  the  Hon.  R.  L.  Gibson;  the  Hon. 
Joseph  Wheeler;  the  Hon.  H.  C,  Lodge;  the  Hon.  W.  C.  P.  Breckin- 
ridge; Dr.  J.  C.  Welling,  and  the  Secretary. 

The  reading  of  the  miuates  of  the  last  meeting  was  dispensed  with, 
«id  the  Secretary  read  a  telegram  from  Dr.  Gopp^e,  expressing  his 
regret  at  bis  inability  to  be  present. 

The  Secretary  stated  that  the  meeting  hail  been  called  at  the  request 
of  three  of  the  Regents  chiefly  on  account  of  the  action  of  the  Appro- 
priations Committee  of  the  House  of  Representatives — a  mattet'  in 
which  the  good  name  of  the  Institution  was  in  some  measure  involved, 
—whereby  the  appropriations  for  various  Government  interests  under 
the  charge  of  the  Regents  bad  beeu  reduced  to  such  an  extent  that  the 
prosperity  of  all  these  departments  would  receive  a  blow  from  which 
they  could  not  hope  to  recover  for  years  to  come. 

Especial  stress  was  laid  upon  the  inadequacy  of  the  appropriations 
for  the  National  Zoological  Park  and  attention  was  also  called  to  the 
fiict  that  the  park  is  already  visited  ou  foir  days  by  thousands  not 
ouly  of  adults  but  of  children,  while  dangerous  animals  are  there  witb- 
ont  safficient  buildings  or  cages  or  inclosares,  and  without  means  to 
provide  them,  and  that  the  ouly  protection  of  the  public  and  especially 
ofcbUdren  must  be  from  incessant  guardianship,  which  the  present 
sm&ll  and  overworked  force  is  unable  to  proi)erly  render. 

The  Secretary  stated  that  he  was  unable  to  cany  on  the  park  with 
less  expenditure  for  maintenance  than  $26,000,  or  with  a  less  total 
appropriation  than  $50,000,  in  case  it  wore  made  in  uue  item. 

The  following  resolutions  were  introdncrtl  by  Mr.  Wheeler: 

Jlaolrei,  'iliat  tli«  Buaril  of  Rtt^ente  of  tlie  SmithsDuinii  Institution  would  re- 
■pvrtfiillf  rtproHPiit  to  CoiigreRN  i]\p-  impossibility  of  uiaiutaiiiiDgtli«ailiiiiniBtmtion 
uf  the  I'liited  StatPN  Natiotinl  Zoiilogical  Park,  r<'i|iiireil  by  tbe  act  of  Congress  of 
April  30,  1990,  with  a  Ivsfi  appropriation  for  tnaint^naoce  than  t2fi,000,  or  vith  a.  leu 
total  appropriation  tbnn  $50,000. 

Eaalred,  That  the  Secretary  of  the  Institution  be  roqiiesleil  to  coniiDniiicat«  this 
rttotation  to  tbe  Pi'eaidcnt  of  the  Senate  (iiid  Stieakcr  of  the  House  of  Repieaenta- 
lives,  with  a  jireliminory  stutenifiit  of  tliercDKODH  nnd  couBicliTAtioDS  on  which  it  is 

After  some  further  discussion,  the  resolutions  were  adoptetl,  with 
the  understanding  that  suitb  limited  modification  of  the  wording  might 
be  made  as  to  meet  any  technicality  fiugge'-led  by  tbe  Treasury  De- 
partment. 

There  was  a  general  exiireaaionof  opinion  among  tbe  Regentatbat  the 
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roiMlition  of  the  affaint  of  the  park  nhnnld  be  brought  to  the  attention 
of  CoogrefM  by  explanation  on  the  floor  of  the  House  autl  Senate  from 
BegcntK  and  fiiends  of  the  IiistitntioD. 

Further  reoiarks  on  the  matter  were  made  by  Mr.  Lodge  and  Dr. 
Welling. 

The  Secretary  then  read  a  commanication  from  Mr.  Thomas  ii. 
flodgkina,  dated  March  10, 18D2,  in  which  Mr.  Hodgkius  stated  that 
be  desired  to  relitiqoish  the  option  of  cnntribnting  the  further  som  ol 
•100,00010  the  Smithsonian  fiind. 

There  being  do  further  buBiuess  before  the  Board,  the  meeting  ad- 
jonnied. 
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REPORT  OF  THE  EXECUTIVE  COMMITTEE  OF  THE  BOARD  OV 
REGENTS  OF  THE  SMITHSONIAN  INSTITUTION. 

For  the  Yeab  Kkiuno  SOxn'OF  June,  1892, 


"h  the  Board  of  Regentu  of  the  NmithKonian  Imiitution : 

Yonr  Gxeciitivc  Ooiniiiittoe  i'es|>cct:fiilty  sabinitH  the  following  report 
in  relation  to  Hie  AindH  of  the  Institution,  the  appropriatiouR  by  Con- 
gress, and  the  rcceiptH  and  expenditares  for  the  SiiiitliHonian  Institu- 
tioQ,  tbe  U.  S.  National  Mnnenm,  tlie  International  Bxcbangen,  the 
Rnrean  of  Etbnology,  tbe  National  Zoological  Park,  and  the  Axtro- 
Physical  Observatory,  for  tbe  year  ending  30tb  June,  1892,  and 
baluices  of  former  years: 

SMITHSONIAN   INSTITUTION. 
Condition  of  the  fund  JuJy  1, 1893. 

Tbe  amount  of  the  bequest  of  James  Smitbson  deposited  in  tbe 
Treasnry  of  tbe  TTntted  States,  according  to  net  of  Congress  of  August 
10,  IIMC,  was  451.'>,169.  To  this  was  added  by  antbotity  of  OongreKS, 
February  8,  1867,  the  residuary  legaey  of  Smitbson,  savings  from 
income  and  other  soiu^^s,  to  the  amount  of  $134,831. 

To  this  also  have  been  added — a  Itefpiest  from  James  Haiiiitton,  of 
Pennsylvania,  of  $1,000;  a  bequest  of  Dr.  Simeon  Habel,  of  New 
York,  of  $500;  the  proceeds  of  tbe  sale  of  Virginia  bonds,  $51,500; 
md  a  gift  from  Tbomas  G.  Hodgkinn,  of  New  York,  of  $'200,000,  mak- 
ing in  all,  as  the'permanent  fund,  $iH).t,00O. 

fHairnitni  of  the  receiptt  and  erpendilHret  from  Julg  1, 1891,  to  June  SO,  tS9t. 
HKCRIPTS. 

C«boD  hand  July  1,1891 $40.0fi2.11 

Intwegt  nu  fund  July  J,  1S91 $21,090.00 

luteredton  fond  Jonii»rv  1,  1«92 23,391.3(1 

«,48I.3G 

C»»h  from  TUomas  O.  HmlRltlns 200,000.00 

*284. 543. 47 

Cash  ftom  Bftles  of  public  a  tii.ns 3iH.  34 

Cish  ftom  repayment  «f  freiclit,  eic 2,595.99 

'  2,974.23 

Total  receipts 287,517.70 


Bt:l«'»BT    of    THK    KX:-:.  mVB   ■  OMSnTTEE. 


3.  3tlf .  & 

5fi»..» 

r,il.r>»r'.-     hook-,  p-Tiflriir;,!-.  «^ 

."ftUriwt" 

X2a4..12 

JbT>nrt« 

ltm.90 

I,2T0.iW 

f^tTsrT  !»im1  urt^iitirti-  Btfhnnitwi 

■jrirlftpnnitMliiithe 
>  th«  <mlil  nf  tlir 

t;.  ■'.  Tr-«mr7  'n-tnl-^  22,  l««.  f 

tm,st3.x 

ftal^iK'  nr.-'Vf--n*-'l  Jnn-  *).  IWB  . 

«.873.33 

Th*  'Jt-li  fw-fivMl  frttm  B(ile«rtfpiiblM-atir>n«.repa)-tnenIs  for  freights. 
*f'',.  M  f/>  tm  i'rfAiU-4  on  (f«m«  of  f!S|M^iiditiireM  an  follows: 
f 'nHflX"  Mfi'l  I'l'irfftch t±oi 

/t«.*M(  JrflHlinK 2.10 

U,i,<UnlH\i       3.57 

HwilUtiwUii  I'tiUiUiiti'm* $yx.tl 

Ml«*ll»fi«««i  <<.ll™t.iiH.. 196.18 

U'\iinU 5S.6B 

378.21 

Ar>|i<iriilti- 4.00 

MiK'oirii 320.00 

((■'■•'iiri'lo'i 120.86 

h.'liNi.K.-   ,., 2, 139. IS 

'l'..h.l         .■ 2,!ff4.23 

'I'll''  IK'I  f'Npi'iiillltiri-n  iit'llii-  liiHlittitioii  for  tliu  year  ending  Jnne 30, 
IHII'J,  wilt  Mieii'liptc  ♦L':(ll,«KK.M,<>i-  #a,»74.2:i  1(>H8  tlian  the  gross  ex- 
|M<iii||l.iii'i>H,  4<',!>'ll  1,111 'ij..' 17,  iilii)V<i  uivi'ii.  Ki'diii  tlie  net  expenditure's 
t^lKI.IIHM.)  I.  flH-tv  Nliuiilil  btt  ili'iliirU'il  $:i(K),()(IO, t)ie  amount  deposited 
III  IliK  V.  H.  'rri'iioiiiy  to  I  III'  i-i'r<lit  of  tlie  iH-rmantuit  fund,  uisikingtlic 
III  iiililllliiii  111  111''  iilimi'  #H1.27(i.Mr.  (iiklil  for  Hit1iivii>«  iidiIit  jreimral  ex|i8ua(w, 

J4.HTt.ll   Mi'i"  l<><><l  l'"l'  "''I'vl ,  \i/:  r^'MlM  fVuiii  np|mral.iis  ncronnt,  $1,500  fhnn 

"■   H ""I-  *'1"<I.'"'  iVioii  lUmiry  u.T.miit,  »H3l.!KlfW.m  roM»tche9 acconut, 

'■W.U-1  Ibim  NiiiHli>».iiliiii  I'liiilrll.iniuHBiii'ciiiiiit.  i^tOHqIc 


REPORT   OF   THK    EXKCUUVE   COMMITTKB.  XXV 

net  expenclitui-e8  for  tUc  espeimes  and  oi)cratioii!f  of  tlie  IiistitntioD 
for  tUe  year  eudiiig  Jane  30,  1892,  $30,688.14. 

All  moneys  received  by  tlie  Stnithsoniftii  Institution  from  interest, 
sales,  refunding  of.inoneys  teinixn-arily  advanced,  or  otherwise  are  de- 
posited with  the  Treasurer  of  the  Unite<l  States  to  the  credit  of  the 
Secretary  of  the  Institution,  and  all  payments  are  made  by  his  oliecks 
on  the  Treasurer  of  the  United  States. 

Your  committee  also  presents  the  following  st;vtemeiit»  in  regard  to 
appropriations  and  expenditnrea  for  objects  intrusted  by  Congress  to 
the  care  of  the  Smithsonian  Institution: 


Appropriation  by  CoiigreBs  for  llio  Dscnl  year  cndiug  June  30,  1892.  "for 
eipenscB  of  tbu  iiyatvm  of  itit«ruutionBl  excbauyeti  liotwui^n  the  Uuituil 
Statw  and  foieign  countrici,  under  the  ilir<ii;tii>ii  of  the  ginitlis<miitn 
loBtitntioD,  iDclndiiig  saloriea  or  conipenHati<in  of  iiU  iicceNsiiry  em- 
ploy^" (sumlry  civil  act,  March  3,  1891) 917,000.00 

ErprnditureiJrotM  JhIs  1,  }S!)I.  I»  Juue  30,  Wfl?. 
Stliriex  m  conipensation :  * 

1  enntor,  3  months,  at  $20R.ai,  $624.99;  9  loiiuths,  at  ifi225, 

t2,025 r2.ft*9.99 

1  clerk;  12  inontbH,  at  $160 1,920.00 

1  cleik,  12  luontliM,  at  »120 1, 440. 00 

1  clwk,  12  montliit,  at  $85 1. 020. 00 

1  clerk,  12  inonthH,  ot  $80 UtiO.  00 

1  clerk,  12  months,  at  $75 900.00 

1  elerk.  12  montliB,  nt  $75 !K)0. 00 

1  clerk.  12  months,  at  $ra 7«0. 00 

Isteiio^^Sraphei,  12  montim.  at  $15 540. 00 

I  I'lerk,  7  months,  at  $4'>,  $315      . 

I  copyitt,  5  luoutbH,  at  $40,  $a)(>  \ 

1  copyist,  8 'lays,  Bt»IO,  (10.32;  II  months,  iit$40,  $410  ...  450.32 

1  packer,  12  months,  at  $75 900.00 

1  iiacker.  12  months,  at  $50 COO.  00 

1  packer,  3  days,  at  $1.50 1.50 

1  Isborer,  5  months,  at  (SO 250.  00 

1  laborer,  7  mouths,  at  $35 245. 00 


515.00 


Total  salaricH  (ir  lompi-niHtion 14. 074. 81 

litnonl  expenses : 

Freight $1,772.01 

Cacking  InixeH 5(W.  05 

Prjntiiignnd  binding "«■'» 

Postage Ifil.17 

StatioDerv  and  Bupplies :i2'J.  96 

2,9K.19 

Total  Dxpeuditn^^Bit  for  iutuvTiational  cKPhauKns 17,000.00 

'KoTK.— Tbe  payments  at  salaries  for  parts  of  months  in  January,  March,  July, 
Angast,  October,  and  December  ore  made  ou  tbe  basis  of  31  days,  and  for  tbe  other 
BHathg  (except  February)  at  30  days. 


bvGtIOgIc 


,  r.-  ■-«  l.^..    ■^.'  ^,t,itf  .--nw  »   >!9e.  -fcr 


.-,— .^   ,   -.1.    r-,..-;  12.774.24 

...       e2,771.2J 

/WfHi,ililirrt./0lg  I.  I'.'JI.  loJtnr  v..  7ar* 


»i  f-f.iimi  fii-t  nrinfiin.  II  month* f2.750.OO 

„l  f.iiiiiif  |,„t  u iiti 3,1100.00 


I  tl.N*!],..,  II m 1.800.00 

»l  ♦i,IMKI| 1 2,599.92 

i>M,l<.|il>l.  Ill  <KI,V'Hl|<i<riiiitiiim 1,200.00 

lutilxl,  III  #l,MKi|irri>iiiiiua 1,500.00 

iiiliiiii'<l,  III  tl.NiNi  |..'i' IIII1II1III.  I  month 1.W.00 

iiili'iil'il,  III  iM.HiHi  |.i<i'  III1I1I1III.  L'liitmtliH 300.00 

«l,  III  *1.llll|l  |n>i-miiii lOmiiiitliN  ....  1.333.30 

i|.  »l  tl.Niiii|i,Tiii.iniiH.  5u>..ntb« 750.00 

'•I.  Ill  •Mih>|i.>i  .iinium.  titiwiitlis 1.049.94 

I    'il«l.'Mii|>.>vNii»iin).  lltuoiiths  ....  1.100.00 

1.   11  ♦'»1H«i->  rtiiiiiim    900.00 

I(>7.50 

115.00 

I  's\'.>  (  .  ..     ■                      ,,,  L.'W'.rt'' 


D.D.t.zea  by  Google 
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MiMe  ttuteoiis — Coot  iniied  ■ 

.   rield  material I1GC.19 

Freight 380.  53 

Supplies 1,867.88 

Stationery 80. 38 

Ofliro  fomiture 138.25 

Pnbliratians 566.63 

Dravin^ 908. 77 

Liborntory  supplies L'7.80 

Repairs 51.11 

$11, 205. 85 

W7,766.18 

Balance  Jnly  1,1892 '. 15,008.08 

EipeuditDres  re-clftmiGeil  by  snbject-oiHtter : 

6ign  lan^^age  and  pictiire-wrttiug 4, 732.40 

Ki|>loratuiu8  of  monnds 4,342. 13 

Kewarches  in  ftrcbiciilngy 14,561.15 

Iti-fl«arrhPS,  l.tngnage  of  Nortli  American  liiiUniia 14, 6C0. 21 

Salaries  in  offlre  of  Director 3,  678.  29 

Illnitratioas  for  reports 1,388.21 

R««eatclies  among  Piieblon 2,560.20 

Contingent  expenses 1,673.52 

47,  .196. 11 
Bonded  railroad  acconiits  settled  by  Trensnry 170. 07 

Total  expend i I nr<^,  Nortb  A miriean  ethnology 47,766.18 

Balance  July  1,1892 15,008.06 

Sttnimarg. 

July  1,1891.  Balance  on  band 12,774.24 

Appropriation  for  North  American  etlinology 50,  000. 00 

62,774.21 

Expended 47,766.18 

Bdance  July  l,18SfJ I5,0OM.0V 

NATIONAL  Ml'HEUM. 

PRESEBVATIOSI   Olf  COLLECTIONS,  JlLY   1,  1891,  Til  JVSK  30,  1892. 


Appropriation  by  Congress  for  the  fiseal  year  ending  Jnne  30,  1892,  '■  for 
(Wlioaing  the  preaervatioD,  exhibition,  and  increase  of  the  eollec- 
tioDs  from  the  surveying  and  exploring  expeditious  of  the  Govern- 
"KUl.  and  from  other  MiirceH,  inclndingsnInrieH  orcompensnlton  of  all 
■WtMaryemploy^"  (sundry  rivil  act.  Murrli  3,  1891  ( $145,000,00 

KxpfnilitHrts. 
^■luiM  or  eomp«aaation : 

1  Auiatant   Seeretary  of  the  .'^niitbHonian  Institution,  in 
chai^Bof  U.  S.  National  Museum,  12  months,  at J333.33        3,999.96 


bvGtIOgIc 
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Niilurlea  01- 1  ()iii|H<iiNUt)iiti— CJontiiiuiiil, 


1  I'llrHtur,  Hiii'iiithi,  atf225;  6  montha.  at  (200 $2,^0.00 

1  ■iimtiii',  12  tuiiutliK,  at  WOO 2, 400. 00 

1  cnriitiir,  la  im-iithh,  at  «iO0 2,400.00 

1  i'i]ritt(ir,T  miiiitliH,  atrJOO;  5  moiitliH,  nt  JIT.1 2,275.00 

I  .iiriitiir,  12  nmutliH,  nt«175 2,100,00 

1  riiml4>i'.  12  moiitliM,  ntllSO 1,800.00 

I  onnilor,  II  iiii.iiili*.  utiflOO 1,100.00 

1  iirttiiR  Hirnt4>r.  6  maiirliH,  ikt«140i  G  moDtlin.  M  91^ 

I  Hw.i'.luiil  rtinitor,   U  nimitliR.  nt  «lG6.6t>;  I  month,  at 

l(tl.l« 2,011.92 

t  MnUUiit  ininitor,  12  luniitliN,  at  i»140 1.680.00 

1  iiuiHiiiiit  riirntor,  12  iiioiitbH.  at  $133.33 1,599.96 

1  HMHUtHiit  <'iiral«r,  13  immtks.  at  9100.. 1,200.00 

I  iiMHUtiilit  I'linttor.  1  niuntb,  at  $125;  Smoiitbs,  at9.'>0..  273.00 

I  MMlxtHht,  1  mciiilb.  at  $101) 100.00 

I  aoKlKlxnl,  Imoulli  ami  20  .1..,vb.  at  $K5 141.67 

I  .iMUliuil.n  imnitha,  at  »(» 3a5.0O 

I  iw-)i>taiil,-J  iiuiiitlia.  at  m> 130,00 

I  iiKRUItiiil,  U  iiioiitliH,  at  $80 880.00 

I  .ilil,  IJmmiHw,  ar  *I0(1 1,200.00 

I  iiUl,  rJiiiiiiilliH,  nl  *«0 960.00 

I  i>l<1,  11  1.1..11II11.  tft  lU.VK.ttt  K3.S3 958.00 

I  i>i>i,niii<>iiii>».  Ill  ♦»! 2*0.00 

I  al>l,  IJiiiimlli",  til  *H0 720.00 

I  Hill,  N  iin.iHli»,  lit  ♦.>' 400.00 

I  aiil.  iiii.».iitli-Hi  Will  w.>mli.  cit  $u> ett.oo 

I  «lil,'Jm«iitli-.  •!  $M> 100.00 

I  al<l.  iani.nilli-,  lit  tHi 4W).0O 

il  luumlb.  at  t4.:>ti:Tiiit>utli-^atM0  508.50 


.Ml  *ut> i.a».i>o 

al  $,» 45a  Oil 
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Salaries  or  roupen«atiou — Coutinnpil. 

1  clerk,  12  tuuut1»,  at  *9I>, Jl.OW.OO 

1  clerk,  12  montLs,  at  $83.33 99!).96 

1  rWrk,  6  tunnths  13  daj-B,  nt  ISO 520. 00 

1  clerk,  12  monthH.  at*7S 300.00 

1  clerk,  12  moDlbs,  at  *70 WO,  00 

I  clerk,  12moiilbH,  att60 720.0(1 

1  clerk,  11  tnoDths  24  (layH,  Bt*60 706.45 

I  clerk,  llniDDthRl  day,  nt  IfiO G61.!U 

1  clerk,  12  moDths,  at  MO 720,00 

1  clerk.  13  mnntbs,  at  »60 720. 00 

1  clerk,  11  inoDHw,nt«0 660.00 

1  clerk,  13  mnntbs,  »t  $55 660. 00 

1  elerk,  12  mouths,  at  l.'iS 660. 00 

1  clerk,  12  mouths,  at  »55 660. 00 

1  clerk,  12  months,  at»K 660.00 

1  clerk,  13  months,  at  $50 600.00 

1  clerk,  12  monthH,  Bt«50 600.00 

I  clerk,  11  months  7  days,  ot«50 561,29 

1  clerk,  3  months  9  days,  at  $30 165, 00 

1  copyist,  13  months,  at  $55 660.00 

1  copyist,  12  mouths,  at  $50 600,00 

I  copyist,  13  months,  at  »50 600.00 

1  copyist,  13  mouths,  at  $50 600. 00 

1  cnpyist,  3  months,  at  $30 150. 00 

1  oopyiat,  8  months  15  days,  at  W5 381  77 

1  copyist,  12  months,  at  $40 480.00 

1  copyist,  13  mouths,  at  MO 480.00 

1  copyist,  12  monthH,  at  $40 480. 00 

Icopyjst,  12month8,  atWO '. 480.00 

1  copyist,  t2montliH,  nt»40 480.00 

1  copyist,  13  months,  at  $35 420. 00 

1  copyist,  3  montliH  16  days,  at  $3.'. 123. 06 

1  copyist.  13  months,  at  $35 420.00 

I  eopyiit,  G  months,  at  $30 180, 00 

1  copyist,  12  months,  at  $30 360.00 

1  copyist,  12  monllis,  at  $30 360. 00 

t  copyist,  56  days,  at  $1.50  per  day 84,00 

ltype-wTit«r,  12montlis,  attSO 600.00 

$38,580.16 


I  preparalor,  10  months,  at  $100 1, 000. 00 

Iprepmtor,  12  months,  at  $80 960.00 

Ipreparator.  13  months,  at  $60 720.00 

1  preparator.  6  months,  at  $60,  $360;  30  days,  at  $60  per 
iDonth,  $58.06;  29^  days,  at  $60  per  month,  $58.97;  30 

days,  at  $60  per  month,  teH.06 535.00 

Ipreparator.  1  month 7."i,00 

I  preparator,  24  days,  at  $3.20 76.80 

1  artist,  13 months,  at  $110 1.. 120. 00 

1  photographer.  9  months,  at  $158.33,  $1,424.97;  15  xtayn, 
at  $l.'i8.33  per  mouth,  $76.61;  16  day?,  at  $158,33  per 

mouth,  $81 .72 1,  .WS.  30 

1  taxidermist,  13  months,  at  $60 720, 00 

1  taxidermist,  12  months,  at  $125 1,500.00 


XXX 


KEPOKT   <»K   THE    EXECUTIVE   COMMITTEE. 


Italariue  or  cuiii|H:uBatioD'-^.'uuUtinud. 

1  UsiilunniHt,  la  uiwutbn,  at  9120 '..l *1, 440.00 

1  t&xiderniist,  1  month,  $80;  2,280bourH.  iit  46cenU 1.  tW.OO 

1  asBistBut  taxiOemiist,  19  days,  at  $i)Oper  month 36.77 

! 

I  BUprrioli-uilciit .  13  uioiitha,  M  *  137. 5lt 1. 6-i«.  00 

1  atwiKrnnt  HiipiTitiU'mlciit,  12  months,  :it*!H) I.OM>.OU 

1  chiof  of  watoli,  12  moutbs,  at  $65 7IJ0.00 

1  chief  of  watch,  12  months,  at  f65 780. 00 

1  chwf  of  watch,  7  months,  at  *&"> 450. 00 

1  watrhmau,  U  mouths,  at  fKi 780.00 

12  watohmeu,  12montha.  at  $50 7.200.00 

1  watchman.  9  months,  at  $.'>0,  ^50;  29  dajH.  at  t-W  per 
moDlb.  t^».3S;  29  days,   at  $i>0  per  mouth,  $4^,34;  30 

dftja,  at  $50  per  mouth.  $48.39 5!6. 06 

1  watchmau,  3  mouths  26  da.vs.  at  950 191.  M 

1  watchman,  9  muDtlis  34  days,  at*4.T 441.00 

1  \vat<:liinau,  8  months  IT  days,  at  fl5 384. 68 

1  watchman,  3  months,  iit  W.i 135.00 

t  watchman,  10  months  29  days,  at  $45 493. 10 

1  watchman.  10  mouths,  at  $15.  $450;  30  days,  at  $4o  per 

niontb.  $4S..'K'i:  30  daja,  at  $45  per  mouth,  $43.w 537.10 

1  skilled  laborer.  12  months,  at  $.'>2 624.00 

1  Kkilled  laborer,  12  months,  at  ¥>0 600.00 

1  skilled  laborer,  1  month  16  days,  at  $'>0 75.81 

1  skilled  laborer,  19  days,  at  $45  per  mouth 27.58 

1  skilled  laborer.  27  daj-s  at  $2 54.00 

Iskillwllaborer.  21day9.  at»l..W 31.50 

1  laborer.  S  months,  at  $16;  3  mouths,  at  $47.50:  I  montb. 

ot$44.:>0 5.'«.00 

I  laborer.  3  mouths,  at  $51:  I  luouth,  at  $ri2..'i0:   1  mooih, 

■l$49.M);  5mouth«,  at  $4.'<:  3  monthH.  at  $4S 573.00 

1  lalMMr,  4  dai,-ii.at  $1.29;  39  days,  at  $1.25;  240  days,  at 

*l..Vt 4131.91 

1  laborer.  10  months,  at  $40;  1  month,  at  $43;  1  moutfa,  at 

$41..Vt 484.50 

llaboKGC.  13  mantes.  M  $10 480.00 

llalmrrr,  13  mnntha.  at  $40 4M).(W 

llaWrer,  12 months,  at  $40 480.00 

llaloHyr.  12  mouths,  at  $40 480.00 

lUb«i»r,  13  days,  at  $)0  )H-r  month 31,52 

IlabowT.  2»<da>-s.»t  $1..^' 447.00 

1  Ubnr«T.  :)l\t;  daysk  at  ifl.W 455.25 

lUlwryr,  .Mdaysal$l-r«i   76.50 

I  lalHiivr.  2M  da,\-!.,  ai  *I..V 42L 50 

1  UlH>r«r.  297da.\^sl  ifl..» 445.50 

I  UI-.«T*.T.  iST*  d..ys,  .-.t  *1  r«>    431.25 

llaMivr.  llda«s^atjl.» Ife.'iO 

I  laborer.  X!  day>,  ai  $k:»' iSAV 

t  UWrer.  TS  da>^,  at  *l.,".i   117.00 

1  lalwnr.  .t;i  .U\s.  ai  *1  .•' 4!*I..tI> 

I  UlH>n'r.  S.'a.iv...;ii  *l  :-> 4MW 

n.ib..r<..,.*V.iaa>v  .1*1.:-' 4«0.S» 

llabotvr.  lUdav-s.  at  J1..V> 17L0O 

Dci-zec  by  Google 
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l<alirie«  ar  compvusaliou— Contiuiieil. 

1  liborer,  3241  days,  at  *1.50 J536.  25 

Usboter,  327  .lays,  ot»1.50 490.50 

11ab.>rer,y83iluy»,  at»t.50 -121.50 

I  labour,  V>2  rtays.  at  »l  .50 228. 00 

1  Ubom,  L-SS  dajB,  at  f  1.50 J47.00 

1  laWror,  13  ilajM,  lit  *1.50 10.50 

1  !i.bflivr,«).liiyH,  al*1.50    97.50 

I  liburer,  11  m..nthB2K<layH,  iit^l.-IO    476.13 

I  Iiil«rer.291id»y8,  at«1.50    483.75 

1  hboTVT,  5  tlayB,  at  $1.50  7. 50 

1  Islmror,  24  days,  at  »1 .25 30. 00 

I  laborer,  2  moDths,  at  $20;  ^1  tlayii,  at$l 64.00 

lattenUant.  10  tuouthH,  at  MO,  $100i  30  days,  at  $40  per 

moiiUi,  J3S.71 ;  30  d»ya,  at  MO  pt^r  muntb,  $38.71 477. 42 

Uttfuduit,  10  luciDths,  at  $40,  MOO;  28  days,  at  $10  jK^r 

monlh,  $37.33 ;  29  days,  at  $10  per  i.i.mth,  $38.67 47H.  00 

I  deaiKT,  9  monthH,  at  $30,  $270;  30dayH,  at  $30  {ht  iiiuutL, 

t29.03;  29idayH.  at  $30pcriuontli,  $29.18;  30] days,  at  $30 

]i*r  mouth,  ft>9.52 XiH.  03 

Icleauer,  12moiithH,at«30 360.00 

I  tleaDL'T,  lOmoDtba,  at  (30,  (300;  30^  days,  at  $30 per  mouth, 

K9.5S;  30Jayfl,  at$30per  month, $29.03 358.56 

1  (■leaner,  12  moiithn.  at  (30 3H0. 00 

1  doantr,  314  days,  at  $1 314.00 

1  deaaeT,  311  dayw,  at  $1 3 14 .  00 

luuaseDger,  12  months,  at  (45 540.00 

1  nesseDgi-r,  6  mouths,  at  $45;  6  months,  at  (50 570.00 

Iiue^Muger.  12  moDths,  at  (30 360.00 

ImemenK^T,  11  mouths,  at  (30;  1  mouth,  at  $31.50 361.50 

1  niiHB*U(;er,  6  mouthH,  at  $35 150.00 

I  lufsseiiger,  12  months,  at  $20 240, 00 

ImejseuKcr,  11  months  26  days,  at  $20 236.77 

I mmwD);!-!.  8  inoiithH,  at  $25,  $200;   26  days,  at  925  }H.>r 

month,  $30.16;  20  days,  at  $25 i>pr  mouth,  $16.67 236. S3 

■,  5 moutla,  at  $15 H8.55 


Speiiial  services  hy  job  or  coatract 2,839.61 

Total  servirea 122,751.43 

Sommarn — Prtstrralion  of  collrcl'ioni,  ISO!. 

DireetioD $.1,999.96 

ScientiBc  staBf 32,652.3.'> 

Clerical  staff 38,580.16 

Preparators 11, 072.  W 

Building  and  lahor 33. 606. 36 

Bpedal  or  eou tract  work 2. 839. 61 

Tutalsalaritjeorcompensatioti 122,751.43 

"Wfiianeons: 

Supplies $2. 038. 76 

Stationery 812. 79 

SperimeiiB 6,;»l>.12 

Books  Mill  petiodkuls 153.00 
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H  larr-1  la  or  on* — Catt  t  in  oed . 

Travel #1,574.81 

Kreight  Ma  '-artage 2.180.95 

»13.430.*: 

Tolal  »-»(»ii.iiIiiretoJuDc3«i.  I>«;.f<.r|.r««--rr.iion.if<ollectii>u8, 

!■« 136,1S1.M 

(iiUnn^  Jnlf  I.  i'VJ.  t«iii«i  MiiMatiiliu);  liibilititH 8,»<H<.  IJ 

.Vali«*«(  MMt,,m—Fiinilwrr  mmd  tirliirr:  Jmlg  1.  tS9I,  to  June  SO,  1893. 


A|iproTn-i«tion  tirt'oPtu—  fiw  tb«  fiw^  .vrar  ei>ding  Jnnr  30,1892,  "for 
rati**,  farniture.  fitturr*.  and  appliaiifr«  reqiiind  for  the  exhibitioa 
ami  Mfe-kev^ing  nf  tbe  «»ll«'ti(>ni  of  tbr  National  HnMom,  ioclud- 
ioi;  salam*  or  rotnpnMalion  of  all  ti«ceMary  riDploy^"  (aniidry  civil 
•«.  MarehS,  IWli »25, 000,00 

BXPEStMTTBES, 

golsriea  «t  Fompniaatioti : 

I  eti(ttne«r  of  property.  9  monlha,  at*175 *1, 575.00 

1  i-Hrpi-iiler.  177  da.".  •'♦3 381.00 

1  .nriwitfr,  SiK'J  days,  at  *3 899.2S 

1  ronwni-T.  ;fti(l)  day«.  at*3 OS.SO 


1  irtr|>t»iil>T,  Wi1b>».  lit  #.* 

1  rari-ciilrr,  10" H'".  »»  *"> 

I  .wil-piit-r.  .iOI  ■l»,i-.  «(*3 

1  I'tll-I"''!!"'''  1>  ■'"■'>"■  "<  '^^ 

1  i.kllli«t  Ltl«>i'<'r,  »lt  Any*.  »•  ^'  --- 
1  xkllli'd  I'll'xrfi'.  SI"!  'lii.i^  iH  *^'  ■-■ 
1  .klll.'il  liilHiii'i,  1  moiilh  llM  -I"*".  II 

I  sktili'il  I f.  I"  'I".'  ■•■  "'  *■"•" 

Ixklll'^l  li»l"'"".  IM  m..iillii..  111*:-'. 

l«kUI...I  I vt,  y^.^  .!»>-.,  1.1  f-' 

lak 1l«l».m.  ill.'-'lio-.  "1#IT.^   - 


IllVllltls.  Itl  ftKI  [MfC  UlOUtll 

01  *li>|«Tui.mtl. *S40-00 

I  fV}  yvx  iiuiiith 26. 21 

1  fitl|«-iui..iith 46.00 

I  Wl  ■■l'  E"'"'  "">ulti 41  5ft 


IiiK.'M 
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MMcellsiMoaB,  nist«>HalB,  etc.—Continaed. 

tllMa $281.75 

Hardware 1,016.95 

Tools 45. 59 

Cloth,  cotton,  -H-' 63. 05 

GlawJarB 1,003.97 

I  rmber ],  660. 21 

PkiDto,  oil,  briisht^ 499.70 

Office  famitiire 765. 00 

Uet«)a 367. 14 

Rnbber»Di1  leather 122.28 

Apparatus 129. 00 

Tnvel 2.00 

PlnmbiDg 632. 00 

»7,725.86 

Total  expendltiiri)  July  I,  1891,  to  .Inne  30,  1892,  for  furuiturB 

and  fistures,  1892 21, 699. 63 

BslanceJalj'  1,  1892,  to  ine«t  outstuudlug  liubiliticB 3,300.37 

Eraliitff,  lishting,  tltetrir,  and  lelephoMie  eerriee,  Jaljf  1, 1891,  to  June  SO,  1S9S, 


Apptopriation  by  CoDgresa  for  the  flHcal  year  eniliiig  30th  June,  1802, 
"for  eipensea  of  heating,  lighting,  electrical,  tulegmphic,  uud  tele- 
pboDic  service  for  the  National  Mnseuiu" 912, 000. 00 

"  For  Temoviug  old  boiler*  under  Huaenm  hall  iu  Sinithsnuian  building, 
leplacing  theio  with  new  ones,  and  for  necemary  alterations  and  con- 
nections of  at«ani- beating  nppnratus  and  for  covering  pipex  with  lire- 
proof  materwl"  {unndrjMivilatjt,  March  3,  1891) 3,000.00 

15,000.00 

KXPBM>ITL'RKB. 

Salaiin  or  compensation : 

iMpiieer.  12  months,  at  $115 *l,380.00 

I  fixpinan,  6  miinths,  at  t50  per  month,  $300; 
3Ut  days,  at  $50  per  month,  $49.18;  19^  days, 
at  $50  per  monlh,  $31.45;  26  days,  at  $50  per 
month, $18.27;  9  days,  at$50pern)outfa,«16.      $443.01 

1  fircnjan.  12  mouthe,  at  $50 600. 00 

1  tirrman,  12  months,  at  $50 600.00 

1  Rkiuui,  U  mouths  and  9  days,  at  $50 564.52 

3,208.43 

1  telephone  clerli,  12  months,  at  $60 720.00) 

1  telephone  elerk,  12  months,  at  $35 420.  OO  S 

I  laborer,  337  days,  at  $1 .50  per  day 490. 50 

Si«cinl  service 20.00 

Expend itiires  for  salaries  or  compciis.'^tlon 5, 23S.  93 

Imtn]  eipeniee : 

CMlaudwood $3,365.85 

Ou 1,360.51 

Telephone* 623.66 

Electric  work 37. 00 

ElMtric  supplies 87.53 

HfnUl  of  caU  boxes lOO.OO 

H.  Mis.  114 ni  DB,  :eab>GtX>^lc 


p,  140.00 


REPORT    OK   THE   EXECUTIVE    COMMITTEE. 


Il<'atiii)i  rupaira (329, 00 

Hf  utiiiE  Hiipplii-8 433. 63 

New  lioilf n  (spix'iiil  Hppropriati«n) 3,  S38. 47 

TotM  .xpuiiilitiirei.  July  1,  1WI2.  lo  Jiiiip  30.  1892.  f..r  lieoting. 
liKh'init.  fic 

Kiiliiurr  July  1,  imi.  ru  meet  oiitetauding  liDbilitieH 

Pettage,  July  1.  IS9I,  In  June  XO.  11191. 

Ap]ir<>|iriiitii>ii  liy  I'oiiKri'SH  for  the  li»cal  ytutr  ending  30tli  June,  IfSti, 
"h>T  pcwliigo  stiiiiiiw  ami  foreign  poatal  cardn  for  the  National 
IliiRciiiu  "  (HiiDilr.v  civil  act,  Marcli  3,  1A91) 


it-ofliro  for  pOHlHtie  and  piwtal  cards . . 
'   II  nil  expended  Jul.v  1.  I)t!t2. 


,  lo  Jane  »>.  IS9S. 


Ity  CoPKrpwi  for  thi>  liKeiU  yeitr  ending  June 
IT  tbi'  SniitliBODiau  iDStitution,  for  printing 
ankH,  and  for  th<)  *  BuIIetitm '  and  Tolumen  of 
iiigs '  of  the  National  Mnsenm  "  (sundry  civil 

mil) '. *1 

ruilnii  luHtilutiim,  for  printing  for  the  um  of 

Mu«-nm  (delieipney  aet,  Marrh  3,  1«91),  n.it 

W,  in.  41,  4^' *:{.(i3».03 

il,  No.  1  (in  part) I,«19.75 

il,  No.  a  (ill  jinrtl 427.  !K> 

rv886.73 

Ills.  Kill.  XIV.  XV     2.317.96 

lorta 310.87 

74.46 

IniMis 2.023.66 

loinoraiidiiin  i.inlo.  and  vn\ .-Ioim-!. 125. 14 

360.05 

37.70 

(I'eonls 24.  OO 

iiiKltiiv.  ,ln1.T  I,   1K)I,  *<•  Juno  :«).  IM<J.  for 
N.i1i«u»l  Muw'imi 

luly  1,  INi'J  
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BuiUtng. 

KRCRIt^n. 

kppropriatioti  hy  (^oni^TeM  "  for  rciuoviiiK  the  decayed  woodvn  fioon  in 
the  Unaitiiin  building,  Biibatitatiiig  granolithic  or  artificial  stone  there- 
for. «Dd  for  Bl»te  for  roTering  trenches  ciiutftinjng  beating  and  ekctric 
.ippat^tOB,  including  all  necessary  material  and  labor,  to  be  immedi- 
»tply  BTaitable." *5, 000, 00 

rtnn.  M»n;h3,  1891,  to  June  30,  1892 4,J74.61 

Balance  Jnly  I,  1892,  to  meet  on tstHii ding  liabilities 525.36 

Itutiet  OH  JrlicleH  Importrd  /or  Nalitnial  MDaeum, 

Appropriation  by  Congress  "li>  meet  cust«in  iluties  on  glaw,  tin,  uud 
other  dutiable  artJclee  tuiil  snpplixH  Imported  for  the  United  Slates 

Xitional  Museum" 1, 000. 00 

f^id  direct  by  Treaanry  Depavttiient : 

Dnty  on  glass •6*2.75 

Duty  on  (^lass-top  boxes 7.  ffii 

Duty  OB   glass 291.75 

!M1,75 

Balance  July  1,1892 58.2.'. 

Prenerraliim  of  loHectimu.  1830. 

Balance  July  1,  1891,  as  \»-y  liuit  annual  report 14.92 

Kxpenditnrea  fmrn  Jaly  1,  1891,  lo  .June  ^.  l)n)2,  freight 14.40 

Balance  July  1,  1892 .52 

l're»rrratioB  of  Collceliona,  JXH. 

Balance  July  1,  1691,  as  per  last  anuual  report 7,979.99 

i^i|>enditnreB  from  July  1,  1891,  to  June  W,  1892 : 
8>Iiries  or  compensation : 

1  SRsisUnt,  1  month,  at  «80 $80. 00 

I  assistant,  1  month,  at  $65 ^.00 

1  elerk,  2  mo. ,  at  (60 1 30. 00 

«i65.00 

Special  or  contract  work 224. 93 

489.93 

SnppliM 1 ,  079. 37 

Statjimery 422. 54 

Speeimens 4,  191.51 

BookB 768.15 

Travel :!73.04 

FWght 4ffi>.!15 

Expeuditnre  to  June  a),  IK92 7, 690. 49 

289.50 
("r..  liy  disAllowauce  on  statiouery 2.08 

Balance,  Jnly  1,  1892 291.Jia 

I.,       XtOcm^Ic 
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ia.ga«i  I       7.«*.4t       u>,no.5o  i 
...I       i.wi.w^  Si.so  aB.M  I 


fanilare  aaif  Fulmrr*.  ISSO. 

li»iMv>:  Julf  I,  twil,  ■■  per  last  annual  report SO. 

<-  trritA  aud«r  tbe  Actinn  of  Berised  Statal««,  soctioii  301*0,  by    the  TrraBiiry  I 
}flirUM«it  tJ>  thr,  credit  of  tbe  Bnrpliu  fond,  Jnne  30,  1892. 


HaJlMi«e  July  I.  IMtl,  ■«  per  laiit  aDnasI  report 43,6! 

Ei|««lMlit«rta  fnnn  Jaly  1,  1801,  to  June  30.  IS92: 


Ai  id 

litiire 
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Statemrnt  of  lolal  trprntditurt  of  approyriatioii  for  famiUirt  and fixtvm,  189!. 

IMO, to J™  I  IWIi, loJu«  j„T^ .%_ 


Dnver*,  tnjt,  boiea  . . 
Frame*,  iilukdi.  et£ 


GteMJan 

Patau,  oil,  uid  bi 


AppAratuB.  - , 
Tnvcllini;  ei 
PlniBblnK — 


2U.W 


tl4.211.S2  r 

2.411.00  I 

3«.«a 


97.52 
112.U  , 

ras.M 


T.gS  , 
14.24  . 


Heating  and  ligXting,  tic,  1890. 

Biluce  July  1,  1891,  aa  per  last  annual  report...'. 91.85 

CHrird  uDder  tiie  action  of  BevUed  Stfttutea,  aectioa  3090,  by  the  Treaanry  Da- 
VHtwnt  to  the  credit  of  the  aarplas  fund,  June  30,  1892. 

Heating,  lighting,  elootric,  and  telrphonic  wrvicr,  1891. 

BalunJnlrl,  1891,  as  per  laat  annual  report 9812.34 

Eipniditores  bom  July  1, 1891,  to  June  30, 1892: 

Coal  and  wood »4«.30 

Qm 74.76 

Tclephouea 200.25 

Electric  work 32.TC 

Electric  MppliM 384. 9B 

Rental  of  eall  boxes 20.00 

llcatiDg  Buppliea 81.79 

TnUl  expenditure 840.69 

BaUnte  July  1,1892 1-65 
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xxxviii  BEP«tKr  or  mE  iXKi'mvn  committee. 


•.a  etM.n 


IT*  SM.T4 


•D  ill  muuuif. _._    *1.S«'.S6 

•I'liuriit  ciur>:«   i-ai"^   i^u    —  Sl^TS 

Kiuiytium.  Hu -.,  LOSlL!*! 

■t  «u).),)>.«wenii-f.  iu,c  tln..i.iun-  ft.«2,»IS 

>.  niilti*, uiti  i>T>iip>r-. 4.TM.8] 

'lIlUHHIU*  <IU)(pllt3- - tlR7.  SS 

■111 .•!)■«»«    T. iftie 

B.K3 


'    (>..    l-iiil  ij,.>-Hrt,iar.    I./    Iki    ofvirnprioljot.  .for  M<   ZttiiliHrvul   r«rl, . 
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XXXIX 


Hh filling*,  i.vflj. 

Approprialiou  by  Congreiwi  "  fur  et«vliiig  iinil  ro|>»irin);  buildings  and 
inclMQTea  fur  animals  and  forBdiuiiiiittTativepiir]ioaeH  in  tliu  NiitioDut 
Zoological  Park,  including  salarieH  or  com  pen  nation  of  all  ueceiMar^' 
mploj^B,  eightevu    thousand  dollars''   (sundry  civil   ai-t,  Marcli  3, 

I89I) »ll*,fXiO.0O 

Eiptnditnrea  from  Jnly  1,  1891,  to  June  3t>,  1RI2: 

Fencing *107. 50 

Fuel i.'X 

«»»,  paiato,  oils,  etc 227. «) 

HirtwMO,  t«ob,  etc l,24!t.HK 

Btaliog  apparatus :i.  'M.  00 

Lamber ;!.0-.';l.41 

UikallsneouB M3. 10 

Ptaw,  dniRiaga,  etc .'>7.'i.  00 

Saliriw  or  compeneatioQ H,  Ii:t4..t2 

^tvBc,  brick,  lime,  cement 3W.  -V> 

17,7fiM.-tC 

Balaucn-lnly  1,  1«92 - .  2J1.^ 

IhiprortmenlK,  I'<9.!, 

Appioprittion  by  Congress  "for  continuing  the  constrnction  of  roailH. 
w»lkt,  bridges,  water  sapply,  Huwurage,  and  drainage,  and  fur  ^md- 
ing,  pluuting,  and  otherwise  improving  the  gtounits  of  the  Natinnnl 
Zoologiral  I'aik,  iucludiiig  salaritie  or  compensation  of  all  neivsmiry 
vmpluj^i,  fifteen  thounatid  dollarti"  (sundry  civil  act,  March  3,  HHHI.)  l.'>,000.00 
Evpeadilnreg  Avui  July  1,  18HI.  t«  June  30,  imi: 

Bnildiug  bridge  (poutnict) *l,  712.  Wl 

Building  material .'lU.  17 

Piught 74. 00 

Hudirare 17.20 

Lamber 3.^'^.  09 

SiliriM  or  conipeosation 8,  1«1,  «t 

8elle«,  etc 420. 1)0 

(■applies   Ml.  95 

Surreying,  plans,  and  drawings a,  9(11. 79 

Tools  and  imiilements 173.77 

Tnvctling  eijtenees,  etc (W.-'rt) 

Tress,  nlaute,  and  fertilizers 270.  fC 

14.878,06 

BalHTict  J  Illy  1,  IHOa 121.34 


J/oiM 


ee,  IS'j;. 


u  by  Congress  "for  care,  sabsisteoce,  and  tratia- 
pwUtioQ  of  animals  for  the  National  Zoillogical  Park,  and 
lir  the  pnrchaM  of  rare  s]>eciineua  not  otherwise  obtain- 
*ltl«,  includiug  ealariea  or  compensation  of  all  necessary 
(mploy^,  and  general  incidental  eipensve  not  othcrwiso 
pnTided  for,  seventeen  tlionsand  Ave  liuiidred  dollnrH. 
oM-balfofwhich  sum  shall  bo  paid  from  the  revenues  of 
w  District  of  Columbia  and  the  other  half  from  tbe  Treas- 
"T  of  the  l;nited  States"  (niindry  civil  ait,  March  3, 
1*1.) «7,500.00 


)Oglc 


«*(,  *,  \mi, «t  ■•■* 


x.e 

XL  11 

*:  j)' 

f /(,-.,*.• 3»t.^ 

„(*l.«Mi«>   l-.SM-li 

1  ("XIM.IK     


17.  US.  Si 


/fcjHiJro. 

m.^^- 

M'lIM  CIIIIM    .ll'I.V    1,  iml.  n>  JUNK  M.  IK. 

..Hii,«l>'     »230.47 

SI5.65 

305.71 

136.68 

.Kli            4.663.12 

230.67 

19.25 

2,176.50 

H   liiLi-l.'iii,  Wo 1.490.01 


10,724.H> 
ll,*!.*" 


CwnitTvw  "  ^ir  ttiiiitiii'iuiiii-*  k>l'  .VHtOkl'h.vaical  Observ- 
ijinvtioa  ot'  ttiH  ^iiii(liiH>iiL<iii   luaUtiitioii,  tDclnding 

iwii  J.  i^stt      ,_    »io.ono,oo 


MciA.  *^TT 
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Stiarim  or  raiii[teiiHation— Contiuuoil. 

1  aHxistnot,  10  dajs,  at  $166.66  per  moDtti $55. 65 

IsiwiBCant,  I  montli,  at«60.  $60;  17(lajN,at$60 

per  uiouth,  $32.90;  1^  montlia,  »t  983.33  per 

moDth,  $124.99;  9  dflya,  at  $83.33  per  montb, 

$25 242.89 

]  aiil,  3  months,  at  $45.  $135;  30  <ln;a,   at  $45 

per  mouth,  $43.55 178. 55 

I  photographeT,  I  mouth,  at  $158.33,  $158.S3;  16 

days,  at$158.33p«r month,  $81.72;  16day8,at 

«^.33petmoDth,$76.61 316.66 

1  photographer,  1  looDth,  at  $160 150.00 

1  iDgtmineiit-inaker,  9^  days,  at  $60  p«r  iiioDtb, 

$47.43;  15TlhourB,at35centfip>-rbour,$3S.38.  56.80 

IdrattBinan,  346honT«,  at  60oeut8  per  hour....  147.60 

loarpenteT,  3}  days,  at  93  per  day 10.50 

Irsrpentar,  li^mi>otli8,at$91periiiouth, $136.50; 

Hi  days,  at  $91  per  month,  933.76 170. 26 

1  labai«r,  3  months,  at  KO  per  mouth,  $150;  4 

montbB,  at  $60  per  month,  $240 390. 00 

Total  salariee  or  cumpenHatinii $3,465.58 

Geimal  ex  pen  sea: 

Appmtusand  appliances 3.841.42 

El«rtric  work 280. 60 

Freight 41 .  67 

Uiacellsoeous  snpplies 480.80 

Offlee  mmiture 29. 75 

Painting..- 8.00 

Plnmbingsnd  gas-fitting 26.70 

Printing  blanks,  etc 18.00 

Ksf«i«nce  books  and  binding 419. 19 

Skjlight 145.00 

Ttivelling  expeoHes 87. 10 

5,378.03 

Total  eipenditnree,  Astro- Physical  Obaervatory 98, 843. 61 

Bslance  July  I,  1892 1,1.16.39 


The  total  amoant  of  fnnds  administered  by  tbe  Institution  during  tlie  year  pnd- 
>°K  Jnne  30, 1892,  appear*  from  tbe  foregoing  Btat^roents  snd  the  acconnt  books  to 
IttiB  hum  M  follows: 

Smithioniaii  InitlliitioH. 

FmnbaUnceof  last  year,  Jnly  1,  1891 $40,082. 1> 

(Inrhiding  cash  from  ezecotors  of  Dr.  J.  H.  Kidder  $6, 000.  OO 
lulnmng  cub  from  gift  of  Dr.  Alex.  Graham  Bell)    5, 000. 00 

10, 000. 00 

^nm  interest  on  Smithsonian  fund  for  the  year 44,181.36 

t'Wmsilee  of  poblicaUons 378.24 

Piw  re-payments  for  freight,  etc 2, 595. 99 

ftoo  Thomas  G.  Hodgklns 200.000.00 

Total $287,517.70 

Dci-zecbvCioOglc 
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.Ip/n-opHatioKt  eommilleil  bg  i'tngretn  lii  the  farr  of  Ike  InitilHlioH. 

lnl«itstJoiiAl  cxchuige»— fimitbsoiiinii  luxtilutUm : 

From  appropriation  for  189l-'92 *17,tX(n.W 

.Vonh  American  Ethnolojty : 

From  balance  of  laatynar  (1890-1II),  .Inl.v  1. 1«J1 $12,774,24 

From  ftpproprUtion  for  I891-'!t2 50.000,00 

ti-2.-li.-2i 

Preaervation  of  collections — Htuenui: 

Fruui  balance  of  lg89-'90 14 .  fl2 

From  balance  of  189(>-'91,  Jnly  1,  1801 7,»79.»9 

From  appropriation  for  189l-'92 145,000.00 

l.=)2.»9),Ul 

Printing— Mnaeiiiu : 

Fwm  balance  of  1889-'00 fil.55 

(''roui  balance  of  1690,  July  1,  1891 1.0&l.C-> 

Fwin  appropriation  for  1891-'92 16. 000. 00 

17,129.20 

Fnmitore  and  fiitniea — MuaeDin : 

t'rom  balance  of  1889-'90 .2» 

Frombalanceofl890-'91.  July  1.1891 3,693.54 

J'Toin  appropriation  for  lH91-'92 -2Ci,  000. 00 

a*.  690.  H-J 

Heating,  liglitiiiK,  etc. — Mueeum: 

Vroia  balance  of  1889-'90 1.  Kl 

From  balance  of  1890-'91,  July  I.  1891 S42.ai 

From  appropriation  for  1891-'92 15,000.00 

l.i,Wl.lH 

Postage — Museum  r 

I'roin  balancuof  IBSS-W fiOO,  (XI 

From  appropriation  for  J891-'92 .''.(lO.  IK) 

1,000.00 

Biijldiug — National  MuBeom; 

Prom  appropriation  for  ISOl-W 5.000.00 

Duties  on  articles  imported  for  National  Miihuliui; 

Prom  appropriation  for  1891-'92 1 ,  000.  "0 

National  Zoological  Park: 

From  balance  of  ]889-'90,  July  1,  1891 23.441.84 

Prom  appropriation  for  1891-'9a W,  500.00 

73.94I.KJ 

Smitbeonian  limtitiitiou  building,  repairs: 

From  bulaucB  of  uppropriittion,  Jnly  1,  ISStl 22,585.77 

Astro-PhyBical  Observauiry — Smitbsoniini  Institution: 

>'rom  appropriation  l«91-'92 10,000.00 

Smithsonian  Institution f987,  ■'il7.  T" 

Fxoban)ceti 17,000.00 

Ethnology 62, 774. 21 

Preservation  of  collections 152.994-91 

Furniture  and  fixtuics 2(*.  690.  S! 

Heating  and  ligbtiug 15  ^4. 19 

I'oBtage 1,000.00 

rrinting 17, 129.20 

llnilding.  National  Museum 5  000.00 

Duties  on  articles  for  National  Huaouni 1  000.00 

Zoiilogical  park 73' Ml.  St 

Smithsonian  building,  rcpnirs 22  685.77 

AstTo-Pbysical   Observatory jq  qko.OO 


896,478.67 


REPOET  OP  THE   EXECUTIVE  COMMITTEE.  XLIII 

The  committee  lias  examioed  the  vouchers  for  payment  from  the 
Smitlisonian  income  during  the  ye»r  ending  June  30, 1892,  each  of 
which  bears  tlie  approval  of  the  Secretary  or,  in  his  absence,  of  the 
Acting  Secretary,  and  a  certificate  that  the  materials  and  services 
cliarged  were  applied  to  the  purposes  of  the  Institution. 

The  committee  has  also  examined  the  accoontB  of  the  several  appro- 
priations committed  by  Congress  to  the  Institution,  and  finds  that  the 
balances  hereinbefore  given  correspond  with  the  certificates  of  the  dis- 
buraing  clerk  of  the  Smithsonian  Institution,  whose  appointment  as 
such  disbursing  officer  was  accepted  and  his  bonds  approved  by  the 
SecKtary  of  the  Treasury. 

The  quarterly  accounts-cnrreut,  the  vonchers,  and  journals  have 
been  examined  and  found  correct. 

As  stated  in  the  last  annual  report  of  the  committee,  the  balance  of 
the  appropriation  for  last  year  for  ethnological  researches  (Bureau  of 
Ethnology)  was  continued  in  the  hands  of  the  disbursing  clerk  of  the 
Bmnm  (Mr.  J.  D.  McCbesney).  This  balance  having  since  been  fully 
diHborsed  by  him  and  the  appropriation  for  ethnological  researches  for 
the  present  year  as  well  as  the  appropriation  for  the  Astro-Physical 
ObHervatory  having  been  added  to  those  already  in  the  hands  of  the 
disborsing  clerk  of  the  Institution  (Mr.  William  W.  Kan),  all  the  ap- 
propriations committed  by  Congress  to  the  care  of  the  Institution  are 
now  disbursed  by  the  disbursing  clerk  of  the  Smithsonian  Institution, 
eicepting  the  appropriation  for  "printing,  National  Museum,"  which 
is  executed  under  the  direction  of  the  Public  Printer  (Revised  Statutes, 
section  3661). 

Iflurmat  of  regular  income  from  Ihe  Smithtonian  fand  arcilable  for  uk  in  the  year 
ending  Jane  30,  tS93. 

fWMe*  on  hand  Jnne  30, 1692 «7,  ST.").  33 

(IntlndinK  the  vub  mim  executors  <it  Dr.  .}.  II.  Kidder  ....     $.'<.  000. 00 
Inelndbg  the  casb  from  Dr.  Alex.  Urafinui  Ilctl) r>,  UOU.  00 

10,000.00 

lateraiUne  and  receivable  .Inly  1,  !«« 27.090.00 

liteml  due  and  receivable  .Innunry  1,  ]K!» 2T.O!)0.00 

54,180.00 

Total  available  for  year  end iur  .lime  30,  1893 I02.05r..33 

iBespectfnIly  submitted. 

James  C.  Welling, 
Henry  Copp6e, 
J.  B.  IIendbbson, 

Executive  Committee. 
Washington,  D.  C,  November  is,  imn'. 
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ACTS  AND    RESOLUTIONS  OF  CONGRESS  RELATIVE  TO  THE 
SMITHSONIAN  INSTITUTION,  NATIONAL  MUSEUM,  ETC. 

(In  cnntinnation  from  previous  Ruporla.) 


[Fifty-ttucond  CoDgretui,  Hral  aeBsiou,  IWl,  1892.} 
SMITH80NL4N   INBTITUTIOM. 
Jowr  Rbsoution  [No.  2]  to  fill  v 

Raolved  bg  the  ISenate  and  Sovae  of  Representatives  of  the  United 
States  of  America  in  Congrens  asaembled,  That  the  vacancies  iu  the 
Board  of  Kegeiits  of  the  Smithsonian  lustitution,  of  the  claas  other 
tiian  members  of  CongresB  shall  be  filled  by  the  appoiiitmeut  of  Wil- 
hiua  Preston  Johnston,  of  Loaisiana,  in  place  of  Noah  Porter,  of  Coii- 
necticat,  resigned,  »nd  the  appointment  of  Jolin  B.  Henderson,  a  citizen 
of  the  District  of  Colombia,  in  place  of  Montgomer>-  C.  Meigs,  deceased, 
and  by  the  reappointment  of  Henry  Coppee,  of  Pennsylvania,  whose 
tenn  of  office  expired  on  December  twenty-sixth,  eighteen  hundred  and 
ninety-one.    (Approved  January  26,  1892.) 

War  J}epartment. — Buil4ings  and  Orounds:  For  impn)vement,  main- 
tenance and  care  of  Smithsonian  Grounds,  including  constmction  of 
asphalt  roads  and  paths,  five  thousand  dollars.  (Sundry  civil  appro- 
priation act.    Chap.  380.  Statutes,  p.  375.     Approved  August  6, 1892.) 

INTEBNATIOyAL  EXCHANGES. 

For  expenRes  of  the  system  of  international  exchanges  between  the 
United  States  and  foreign  countries,  under  the  direction  of  the  Smith- 
MiDian  Institution,  including  salaries  or  compensation  of  all  necessary 
employees,  twelve  thousand  dollars.  (Sundry  civil  appropriation  act. 
chap.  380.     Statntes  p.  360.     Approved  August  5,  1892.) 

TreoMury  Department :  To  pay  amounts  found  due  by  the  accounting 
officers  of  the  Treasury  on  account  of  international  exchange,  Smith- 
wnian  Institution,  being  for  the  service  of  the  fiscal  year  eighteen 
hundred  and  nine^,  as  follows: 

To  pay  the  Baltimore  and  Ohio  Kailroad  Company,  sixty-seven  cents. 
(DeUciencies  approi>riation  act,  chap.  311.  Statutes,  p.  283.  Approved 
July  28, 1892.) 

Library  of  Congress:  For  compensation  of  Librarian,  fetc.1    •    " 
eight  assistant  librarians,  at  one  thousand  four  hundred  dollars  each, 
one  of  whom  shall  be  iu  charge  of  international  exchanges. 

•  •  •  For  expenses  of  exchanging  public  documents  for  the 
pablications  of  foreign  governments,  one  thousand  ftvehuntli-ed  dollars, 
(legislative,  executive,  and  judicial  act.  Chap.  196,  Statutes,  p.  189. 
Approved  July  16,  189^.) 

D,a,„zeab,Go^C 
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Ihpmrtmmt  nf  the  Interior — United  States  Patent  Office:  Forptirohaee 
•rif  [MnaA»^>nal  and  soieiitific  books,  aud  expenses  of  transjKirting  pnb- 
[itr.uio(i:^  of  puteiitR  i88Ui>d  by  the  Patent  Office  to  foreign  governments, 
inr»  tboifciand  five  haiidred  dollars.  (Legislative,  execative,  and 
.-rolartil  art.    Chap.  196,  Statutes,  p.  215,     Approved  July  16,  1892.) 

W*r  Department:  Foi'  the  transportation  of  reports  and  maps  to 
Bwgtfty  nMiitries  thn>iit;h  the  Smithsonian  InHtitntion,  one  hundred 
tfc'ilar^  ■  SoDdrv  cirit  appropriation  act,  Ohap.  380.  Statutes,  p.  3")*, 
Ar-r-rornl  August  5,  1892.) 

S-rml  tJbterratory:  For  repiiirs  [etc.,]  •  •  •  freight,  inclndiDf; 
rL--,ka~mts^n  of  public  documents  through  the  Smithsonian  exchange. 
*r.f.  t«-o  thousand  five  hundred  dollars,  (Legislative,  execntive  aud 
jV:.f:rL.I  art.  Chap.  196,  Statutes,  p.  211,     Approved  July  16,  1892.) 

f-  .V  tiroiogieai  Survey:  For  the  purchase  of  necessary  books,  for  the 
'..  -cary.  and  the  payment  for  the  transmission  of  public  documents 
t,.:'-n.ih  the  SnttthBonian  exchange,  two  thousand  dollars.  (Snndry 
I  .^.l  a|ipn*priataon  act,  chap.  38«.  Statutes,  p.  371.  Approved  An- 
sri.'t .».  li«2.) 

NATIONAL   MrSElJM. 

ym  nintinoiiig  the  preservation,  exhibition,  and  increase  of  the  col- 
Wti'iii  from  the  surveying  and  exploring  expeditions  of  the  Govern 
Bwnt.  aiMl  from  other  sources,  including  salaries  or  compcusatlon  of  ail 
tmtrUfmiy  employees,  one  hundred  and  thirty-two  thousand  five  ban- 

Vitr  caM.1t,  furniture,  fixtures,  and  appliances  required  fbr  the  exhi- 
briion  and  itaf«--keeping  of  the  collections  of  the  National  Museum,  iu- 
( Ruling  salaries  or  comiteus;ition  of  all  necessary  em^tloyees,  fifteen 
tiMfOi^nd  dollars. 

F-we-xiM-uHe  of  heating,  lighting,  ele(>trical,telcgraphicaud  telephonic 
MTVH-e  for  the  National  Museum,  eleven  thousand  dollars. 

For  |xmtage  stamps  and  foreign  postal  cards  tor  the  Kational  Hn- 
M^ini,  Ave  hundred  dollars.  (Sundry  civil  appropriation  act,  chap.  380. 
rtAUtu-'.  \K  '.'AUK    Approved  August  5,  1892.) 

TrtmMrg  Ifep4irlmml, — To  pay  HUiountfi  found  due  by  the  accounting 
uKu-i^*  i/f  the  Treasury  on  account  of  pi-eservatiou  of  collections, 
Jiitiniiiiil  Muxeam,  being  for  the  services  of  the  fiscal  year  eighteen 
Um.'ir*^i  and  ninety,  as  follows: 

'In  fr^y  the  Baltimore  aud  Ohio  Railroad  Oomiuiny,  four  dollars  and 
brtiy  M-Mtn  <-enti«;  to  pay  the  Atlantic  and  Tacitic  Railroad  Company. 
I  «(>  'loNarH  and  fifty  cents;  in  all,  six  dollars  and  ninety-seven  cents, 
'(h'ft'-iHiciai  appropriation  act.  Chap.  311.  Statute-s,  p.  283.  Ap- 
wovwl  July  2«,  1802.) 

/'mifii/-  I'rinting  and  Binding. — For  the  Smithsonian  Institution,  fur 
irtniutiu  I'AtmU  and  blanks  and  for  the  "Bulletins*'  and  aunual  vol 
M)((i-«  lit  the  "  I'rocewlingK "  of  the  National  Museum,  twelve  thousand 
>U>ilitin,  'Hwridry  civil  appropriation  act.  Chap,  ;180.  Statutes,  p. 
;«",     ,*/«r'"'V«-d  August  '),  1892.) 

i-ri-'i  i'***ii'  Tl'i*!  ( V»-  8.)  to  enrntaage  the  e^tnhliiihineiit  and  eodomneDt  of 
,,.,1  L.iufi.'  ''t  I"  "iiiiiiK  ;it  tlir  oationa]  caiutsl  bv  deliniu;;  the  poliry  of  th«  Gov- 
nifH--ii'    »'"''   t'-f'-f'^ni-'-  to  llip  um-  of  ita  literary  nnd  srieutilic  <^llectioD8  liy 

Wh«^Ki*,  iani'^  w>nwti«»B  illustrittive  of  the  various  arts  and  scien- 

,dM.  xiul  fmiUtvinnu  lit^Tiiry  anil  scientific  research  have  been  accu- 

|y}  Ihf;  iw-lioii  of  OoDgre.-iS  through  a  series  of  yettrs  at  the 
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Wiiereas  it  wan  the  origiual  purpose  of  the  Goveniment  thereby  to 
[iromote  rcnearch  and  the  diffuBion  af  knowledge,  nnd  is  now  the  set- 
tled imlicy  and  present  practice  of  those  charged  with  the  care  of 
tbera  collectionu  specially  to  encoarage  students  who  devote  their 
(iDie  to  the  iDvestigation  and  study  of  any  branch  of  knowledge  by 
allowing  to  them  all  proper  use  thereof;  and 

Whereas  it  is  represeuted  that  the  eniimeratioii  of  these  facilities 
and  the  forinnl  statenieut  of  this  policy  will  encourage  tim  establish- 
ment aiid  endowment  of  institutions  of  learning  at  the  sear  of  Goveni- 
jnent,  and  promote  the  work  of  education  by  attracting  students  to 
avail  themselves  of  the  advantages  aforesaid  under  the  direction  of 
competent  iustrnctors:    Therefore, 

Bttolved  by  the  Settate  and  House  of  hepreiientatives  of  the  United 
Kt«ia  of  America,  in  Congress  assembled,  That  the  facilities  for  research 
Mid  illustration  in  the  following  and  any  other  Governmental  collec- 
tions now  existing  or  hereafter  to  be  established  in  the  city  of  Wash- 
iiijrton  for  the  promotion  of  knowledge  shall  be  accessible,  under  such 
mlf^and  restrictions  as  the  oflQcers  in  charge  of  each  collection  may 
|ir«3cribe,  subject  to  such  authority  as  is  now  or  may  hereafter  be  per- 
mitted by  law,  to  tbo  scientific  investigiitors  and  to  students  of  any 
iDBtitntion  <if  higher  edncation  now  incor|>orated  or  hereafter  to  be  in- 
iDTponted  under  the  laws  of  Congress  or  of  the  District  of  Columbia, 
to  wit: 

One.  Of  the  Library  of  Congress. 

Two.  Of  the  Kational  Museam. 

Three.  Of  the  Patent  Office. 

Four.  Of  the  Bureau  of  Education. 

Five,  Of  the  Bureau  of  Ethnology. 

Six.  Of  the  Army  Medical  Musimni. 

Seven.  Of  the  Department  of  Agiicnltnre. 

Eig)it>  Of  the  Fish  Commission. 

Sine.  Of  the  Botanic  Gardens. 

Ten.  Of  the  Ooast  and  Geodetic  Survey. 
Eleven.  Of  the  Geologic«i  Survey. 
Twelve.  Of  the  Naval  Observatory. 
(Approved,  April  12, 1892.) 

NORTH   AMERICAN  KTHNOLOGY. 

For  continuing  ethnological  researches  among  the  American  Indians, 
under  the  direction  of  the  Smithsonian  Institution,  including  salaries 
or  coinpensatioD  of  all  necessary  emi>loyees,  forty  thousand  dollars. 
[Sundry  civil  appropriation  act  Chap.  .^80.  Statutes,  p.  360.  Ap- 
proved August  5. 18V2.) 

AWTRO-PHVSICAL    (IBMERVATORY. 

For  maintenance  of  astro-physical  observatory,  under  the  direction 
of  the  Smithsonian  Institution,  including  salaries  of  assistants,  appa- 
nitnfl,and  miscellaneous  expenses,  ten  thousand  dollars.  (Sundry  civil 
Appropriations  act.  Chap.  380,  Statutes,  p.  360.  Approved  August  5, 
1«92.) 

NATIONAL   ZOOLOCilCAL  PARK. 

For  continuing  the  constrnction  ot  roads,  walks,  bridges,  water  siip- 
ply,  sewerage,  and  drainage;  and  for  grading,  planting,  and  otherwise 
ini|>royipg  the  groands;  erecting,  aud  repairing  buildings  and  inclos- 
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areH  for  Aninials;  and  for  administrative  purpoiieR,  care,  subsistence, 
iiid  traDaportfltioii  of  aniitialfi,  including  salaries  or  conipensatioii  ol 
all  necessary  employees,  and  general  incidental  exj^nses  not  otherwise 
provided  tbr,  filty  thousand  dollars,  onebalf  of  wliicli  sum  Bliall  Iw 
paid  from  tlie  revenues  of  tbe  District  of  Columbia  and  the  otheihall 
from  the  Treasury  of  the  United  States;  and  a  report  in  detail  of  tli< 
ezi>enHeB  on  account  of  tlie  National  Zoological  Park  shall  be  made  ti 
Congress  at  the  beginning  of  each  regular  t*essioii.  (Sniidrj'  civil  ap 
pn>priatiou  act.  Chap.  380,  Statutes,  p.  3li0.  Approved  August  -'i 
1892.) 

For  care  and  eabsisteuce  of  animals  for  the  National  Zoological  Park, 
fiscal  year  eighteen  hundred  and  ninety- two,  oue  thousand  dollars,  one 
half  of  which  sum  shall  be  paid  from  tbe  revenues  of  the  District  o 
Oolumbia,  and  tbe  other  half  from  the  treasury  of  the  United  States 
(Deficiency  appropriation  act,  Chap.  12,  Statutes,  p.  0.  Approvai 
March  8, 1892.) 

To  pay  Melville  Lindsay  for  rubber  boots  furnished  to  employee' 
engaged  to  work  iu  water  in  the  National  Zoological  Park,  being  a 
deficiency  for  the  fiscal  year  eighteen  hundred  and  ninety-one,  thirty 
eight  dollars.  (Deficiencies  npi)ropriation  act,  Obap,  311.  Statutes, 
p.  284.    Approved  July  28, 1S1)2.) 

WORLD'.s  COOTMBIAN  EXPOSITION   AT  CHICAGO. 

Tremury  Department:  For  the  selection,  purchase,  prepiiration, 
transportation,  installation,  care  and  custody,  and  an-angementof  siicl 
articles  and  niatenals  as  the  heads  of  the  several  Executive  Depiirt 
meuts,  the  Smitbisonian  Institution,  and  National  Museum,  and  tb( 
United  States  Fish  Commission  may  decide  shall  be  embraced  iu  tlx 
Governuient  exhibit,  and  such  additional  articles  as  the  President  nia.v 
designate  for  said  Exposition,  and  for  the  employment  of  pro)>er  |>er 
sons  as  officers  and  assistants  to  the  Board  of  Control  and  Man;i?"' 
ment  of  the  Government  exhibit,  ap]>oiiited  bytUe  President, of  wLieb 
not  exceeding  five  thousand  dollars  may  be  ex)tendedby  said  Board  fin 
clerical  services,  four  huuilred  and  eight  thousand  two  hundi"c<l  ami 
fifty  dollars:  Provided  That  all  expenditures  for  the  i>ui-i)oses  ami  from 
the  appropriation  specitied  herein  shall  be  subject  to  tbe  approval  of 
the  said  Board  of  Control  and  Management  and  of  the  Secretary  ul 
the  Treasury,  as  now  provided  by  law.  (Snndiy  civil  appropriation 
act  Chap.  380.     Statutes,  p.  362.    Approved  August  5, 1892.) 

<'(>LfMBIAN  HISTORICAL  EXPOSITION  AT  MADRID. 

State  flrpartment:  For  the  expense  of  representation  of  the  United 
States  at  tbe  Columbian  Historical  Ezpoeition  to  be  held  in  Madrid  m 
eighteen  hundred  and  ninety-two  iu  commemoration  of  the  four  hnn 
dre«)th  aniversary  of  the  discoveij'  of  America,  tilteeu  thousand  dol- 
lars, or  so  much  thereof  as  may  Iw  necessary,  to  t)e  expended  under 
the  direction  and  in  the  disci-etion  of  the  Secretary  of  State:  and  th^ 
President  is  hereby  authorized  to  appoint  a  commissioner-general  an^ 
two  assistant  commissioners,  who  may,  in  his  discretioo,  be  selected 
from  the  active  or  retired  list  of  the  Army  or  Navy,  and  shall  serve 
withiuit  idher  eompensjition  than  that  to  which  they  are  now  entitled 
by  law,  to  represent  the  United  States  at  said  e\i>ositioD ;  that  it  s'"'" 
Ite  the  dnty  of  snch  Mminiissioners  to  select  from  the  an-bives  of  tl"' 
L'uited  States,  from  the  Natioiuil  Musenni.  and  from  the  various  es^"' 
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tive  departments  of  the  Government  such  pictures,  booke,  papers, 
rlocanientB,  and  other  articles  an  may  relate  to  the  discoveiy  nnri  earl^ 
settlement  of  America  and  the  aborigiual  inhabitants  thei'ecif;  aud 
they  shall  be  antborized  to  secure  the  h»aE  of  similar  articles  from 
other  museuma  and  private  collections,  and  arrange,  i-lassify,  and  in- 
.stall  them  as  the  exhibit  of  the  United  States  at  the  said  exposition; 
that  the  President  is  authorized  to  cause  the  detail  of  officers  from  the 
actiTe  or  retired  list  of  the  Army  and  Navy,  to  ser^'e  without  compen- 
sation other  than  that  to  which  they  are  now  entitled  bylaw,  as  assist- 
ants to  said  commissioners;  aud  the  said  commissioners  shall  be  au- 
thorized to  employ  such  clerical  and  other  assistance  as  may  be  neces- 
sary, subject  to  the  approval  of  the  Secretary  of  State.  (Deficiencies 
appropriation  act,  Cha|».  72,  Statutes,  p.  34.  Approved  May  13, 1892.) 
aiat^  D^artmenl:  For  expenses  of  representation  of  the  United 
States  at  said  eximsitiou,  ten  thousand  dollars.  (Sundry  civil  apjiro- 
Vriation  act.  Chap.  381),  Statutes,  p.  350,  Approved  August  6,  1892.) 
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REPORT  OF  S.  V.  LANGLEY, 

SECRETARY  OF  THK  SMITHSONIAN  INSXITtTTION, 

FOK  THE  YEAR  ENDINU  JUNE  30,  18M. 


To  the  Board  of  Regents  of  the  Smillisonian  Imtitntion: 

Gestlemeh  :  I  have  the  honor  t«  submit  herewith  iny  report  for  the 
year  eudiiig  June  30,  189^,  of  the  oiierations  of  the  Smithsonian  Insti- 
tution, iucludUig  the  work  placed  by  Congress  under  its  cliarge  in  tlie 
National  Museum,  the  Bureau  of  Ettinology,  the  International  Es- 
<;baiiges,  the  Natioual  Zoological  Park,  and  the  Astro- Physical  Observ- 
atory, 

Matters  of  general  interest  have  been  treated  of  in  the  body  of  the 
report,  while  in  the  Appendix  will  be  found  detailed  reiwrts  on  the 
more  important  subdivisions  of  the  work  of  the  Institution,  namely: 
the  Bureau  of  Ethnology,  the  Bureau  of  International  Exchanges,  the 
Library,  the  Xiitioual  Zoological  Park,  tlie  Astro-Physical  Observatory, 
ami  the  Editor  in  charge  of  Publications. 

Tlie  work  of  the  National  Museum  is  reiwrted  on  at  length  in  a  sep- 
arate vulume  by  the  Assistant  Secretary  in  charge. 

THE  SMITHSONIAN  INSTITUTION. 

THE   ESTABLISHHKMT, 

1  have  to  record  the  following  changes  in  the  Establishment  daring 
the  year:  The  resignation  of  the  Hon.  James  G.  Blaine,  Secretary  of 
State,  ou  June  4, 1^92,  and  the  appointment  of  his  successor  to  the 
Secretaryship,  the  Hon.  John  W.  Foster;  the  resignation  of  the  lion. 
Redfleld  Proctor,  Secretary  of  War,  on  December  l>,  1891,  and  the  ap- 
iwiutment  of  his  successor,  the  Hon.  Stephen  B.  Elkins;  and  the  resig- 
nation of  the  Hon.  Charles  E.  Mitchell,  Commissioner  of  Patents,  on 
Jaty  31,  IS'JI,  and  the  appointment  of  the  Hon.  WiUiam  E.  Simondsas 
bis  successor. 

THE   BOARD   OF   REGENTS. 

Ill  acconlanve  with  a  resolution  of  the  Board  of  Regents  fixing  the 
lime  of  the  stated  annual  meeting  of  the  Board  on  the  fourth  We<lnes- 
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day  of  .Tanaary  iu  each  year,  the  Boani  met  on  Jiinuarj-  27,  1892,  at  10 
o-Vlovk  A.  M.  The  joarnal  of  its  proceedings  will  I>e  found  as  u»ual  in 
itrt  anuoal  report  Ut  Congress,  but  for  conveniem-e  reference  is  also  here 
made  later  tu  a  jrartion  of  its  action. 

A  special  meeting  of  the  Board  of  Regents  was  held  on  October  21, 
1801,  at  which  a  gifl  of  $200,000  from  Mr.  Thomas  G.  Hodgbins,  of  Se 
tanket,  Long  Island,  was  formally  accepted;  and  another  was  held  on 
March  29, 1892,  to  take  action  regarding  certain  Congressioual  ai)pro- 
]iriationB. 

The  following  changes  in  the  peraonnel  of  the  Board  of  Regents  aie 
t/(  be  noted ;  The  appointment  of  the  Hon.  W.  C.  P.  Breckinridge,  of 
the  House  of  Kepreseutativea,  by  the  Speaker  of  the  House  (pro  tem- 
ptyre),  Jannary  15,  1892,  to  succeed  the  Hon.  Benjamin  Bntterworth, 
whowt  t«nn  expired  December  23, 1891;  the  appointment,  by  joint  i-eso- 
Intion  of  Congress,  approved  January  26,  1893,  of  President  Williaru 
Preaf/in  Johnston,  of  Tulan©  University,  Louisiana,  to  succeed  Dr. 
ftmtU  Porter,  who  resigned  December  31, 1889;  and  the  appointment, 
)>v  the  itame  resolution,  of  the  Hon.  John  B.  Henderson,  of  the  District 
t4 4 'filnmhJa,  to  sncieeil  Gen.  M.  C.  Meigs,  who  died  January  2, 1892. 

The.  following  have  1>een  re-ap)>uinto<)  to  till  vacancies  caused  by  the 
fff.if»i'uiu  of  their  own  terms:  The  Hon.  Justin  S.  Morrill,  of  the  United 
AiAti^  Ht-iiitU:,  by  the  Vice-President  of  the  Uidtcd  States,  December 
J7.  tVti,  tbft  Hon.  Josepli  Wheeler,  and  the  Hon.  Henry  Cabot  Lodge, 
f4  f,.".  (l"'(Mr  r.f  Representative:*,  by  tlie  SjHjaker  (pro  tempore)  of  the 
ittj:'*',  Ayii.ti-A.ry  1-*.  1892.  and  Dr.  Ueuiy  Coi)i>ee,  by  joint  resolution 
,jf  i  Aii.-/t'-':*  a|>|'roved  Jannary  20, 18!t2. 

t.j-  li'/M'i  li-<->  -nfferol  the  loss  by  death  of  Gen.  Montgomery  C. 
.<(«i/»  "ft  J»f.«arj-2.  I«!i2.  Dr.  Noah  Porter,  an  exniembcT  of  the 
fw.'ff',  '-..Hi  'HI  M^rt-h  4. 1892.    Reference  is  made  to  them  elsewhere  iu 

AUUIXIJJTKATIOS. 

t   /*'/  »/*  rfjjieat  the  recommendation  contained  iu  my  report  of  last 

_.-*..   'i.m.  Ongre-is  be  requested  to  make  some  provision  for  meeting 

■  ,j  '.,*.  ^^xfn^ti't*^*  of  the  admiuist  ration  of  the  affairs  of  the  General 

'v-'^;.  ■■•'.'.' »->"itidMl  to  the  Institution.     There  is  no  such  provision 

.  .  '.'^  •F>-<'/<f:.:il<'r.(bli>and  iucreasingclericalexpenses,  which  belong 

luent  bureau  under  its  care,  but  to  the  charge 

ration,  and  these  e.\t>enses  all  fall  ultiumtely 

ng  out  of  the  great  extension  of  the  interests 
:ents.  which  makes  the  duties  of  the  Secretary 
iry  altogether  different  from  what  they  were 
een  calling  for  relief  tor  some  time,  and  iia* 
iriatc  action  of  the  Board :  fur,  apart  fn>m  the 
appropriation  which  shall  provide  for  the 
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d  expenses  of  the  clerical  farce  in  tbu  Sevrvtary's  office  engaged 
in  trsnsikcting  purely  Goverument  business,  I  have  directed  the  atteu- 
tion  of  the  Begeuts  to  the  fact  that  the  Chancellor  of  the  Institntioi) 
(in  whom  alone  the  power  of  appointing  an  Acting  Secretary  is  vested 
by  law)  may  be  absent  when  the  Acting  Secretary  is  ill  and  when 
there  is  no  one  to  relieve  him.  Such  a  case  has  actually  preseuted 
iteelf,  direvtitig  attentiou  to  the  necessity  of  authorizing  the  Secretary 
to  delegate  authority  for  performing  ceilaiu  subonlinate  but  indis- 
pensable functions,  such  as  signing  a  certain  class  of  papers. 

Owing  to  the  established  principles  of  conduct  in  the  Smithsonian 
Institntion  (which  there  has  been  no  intention  of  departing  from)  the 
Secretary's  power  has  never  been  diffused  or  delegated  even  as  far  as 
iansnal  in  the  case  of  Executive  Departments  of  the  Qovernment, 
vbere  there  are  several  persons  in  every  separate  bureau  constituting  a 
Kne  of  succession  of  those  who  are  authorized,  in  case  of  the  absence 
of  its  head,  to  carry  on  ordinary  business  and  especially  to  sign  all 
BQch  routiue  p»[>ers  as  are  required  for  its  current  business  with  the 
Treasury.  There  has  been  no  time  however  in  the  past  twelve  years, 
when,  in  the  joint  event  of  the  illness  or  absence  of  the  Secretary  and 
the  Acting  Secretary  of  the  Smithsonian  Institution,  any  such  provision 
has  existed  for  carrying  on  even  the  routine  business. 

At  the  meeting  of  the  Regents  on  January  27,  181)2,  the  following 
resolution  was  introduced,  and  was  duly  giveu  effect  through  the 
Executive  Committee  in  the  appointment  of  an  officer  of  the  Insti- 
tution to  act  according  to  its  provisions: 

"Resolved,  That  the  Secretary  \te  empowered  to  appoint  some 
aaitable  person,  who,  in  case  of  need,  may  sign  such  i-e<iuisitiona, 
loQcbers,  abstra^-ts  of  vouchers,  accounts  current,  and  indorsementj^of 
cbecks  and  drafts.  a"<  are  needed  in  the  current  business  of  the  Institn- 
tJon,  or  of  any  of  its  bureaus,  and  are  cnstomarily  signed  in  the  bureaus 
of  otber  Departments  of  the  Government." 


I  have  recalled  the  fact  that  the  gift  of  $200,000  to  the  Institution  by 
Mr.  Thomas  G.  Hodghins,  of  Setauket,  Long  Island,  to  which  I  briefly 
referred  in  my  reiwrt  of  last  year,  was  formally  accepted  by  the  Board 
of  Regents  at  a  special  meeting  held  October  21, 1891. 

At  this  meeting  I  stated  that  I  had  entered  on  a  correspondence 
with  Mr.  Hodgkius  in  which  he  hswl  iutimat«d  his  desire  to  give  a 
coDuderable  sum  to  the  fund  of  the  Smithsonian  Institution  for  the 
"increase  and  diffusion  of  knowledge  among  men."  The  correspond- 
ence was  followed  by  personal  visits  botli  by  the  Secretary  and  by  the 
Ag^tant  Secretary,  the  result  of  which  was  that  Mr.  Hodgkius  offered 
a  donation  of  $200,000,  concerning  which  the  Secretary  telegraplie<I 
tbe  Regents  on  June  22.  Upon  being  advised  of  the  individual 
approval  of  most  of  the  Kegents  to  the  acceptance  of  the  sum  named, 
Mr,  Hodgkins  later,  ou  September  22,  at  his  home  on  Long  Island, 
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.:i  -'AfSi  ->i  riw  >>Tr»*r,ary,  whi>  drpMnitM]  i(  in  tbe 
«k*«r7  M  'V^hiiiArt.ni.  witli  rLf  tin>Ii^rstdiMtui|:  tbat 
•i'  -'.rt  B-Motl  woaltl  bt-  ■■»IIe<l  a;*  a  body  t»  consider 

ii.L-i.r(i*  iwf  rbar  the  iaeome  of  >>lut>.<HH>  tif  this  gift 
-,  T  ■lt>Tor"t  c  >  rlif  iin;r«i-«^  ami  <IiifiuiaHi  of  moie 
..1  n^-j:irii  Ck  rlie  iLirnre  ^in«i  propertit^  of  atmos- 
-!■  .Ml  x-.fli  rlit*  wi^IrUrt?  of  mao;  the  incooM-  of  the 
<»  *".i.r  for  '-lit-  if-niT.iI  pnrposfHof  tbtr  losritutioii. 
ii>pr'i(i.-K  ■if'  rli.-  -mhiiM-t  r  \\:w^  retVrred  in  it  a^u 
'.  T  :"!•-!•  ;)  iii.-ri!!i-r  liwniiTi^r. 

-;..■!  ii  rlii:*  r-'^"^ ''••  fl'«  ^"-i^  fh;»t  the  ^nithsouiaii 
:t^i-«..i  ^r' ir*  titr-n^iti-hiiii;  •■onni^irtioii  irith  the  scieii- 
li  r..  niak«  "iwH'iiiily  fffei-rive  nAn  i>f  sDtns  given  for 
:iifiir  ill  .[>.;.-iii.;  [mriBX^!*  rtr  iDveittiintions.  A  few 
-  -ii-tiiHT  tTom  Chone  fi>r  aildiaj;;  to  the  i>ennaiient  eo- 
t-n  inuimirteil  to  the  lastitatioii  m  tbe  [w-st,  tbroagli 
i  yt  I  fn-I  assarttf  that,  were  the  iiitenti<Mis  of  tbe 
.ifi-ir.«nl  ill  this  regard,  tlie  IiiHtitatioii  woald  miicli 
'  m:i'ie  thf  iQeliain  lor  giviii;;  effect  to  the  plans  of 
1  iinimrtdng  s|iei'ific  rei«eanrheH.  as  wrti  as  in  makin;; 

niD'l^  of  lUe  lui'Iinition  an-;is  l'oIk>w>.: 

:v,-; *5io,i«t.eo 

-^  -  L- .1- !*■' - 26.210.63 

:  .i.-'.m-.  ♦>..  1-^ - 108,620.37 

u.;-  .L  :-~ --- i,ooo.ou 

„..   -.vH,    - 500.00 

.   ...       200.000.00 

-.;i      1^.11. ,..1      iii     I  -!■■   r:>^j[.!cy  ..fihe  fiiitt^ 
^   .,„--.-   ..    .   .-,----1-   ■>^c  lam-n .1803,000.00 

,,  It-  iM-j.  - 1  - ' ;-  -  .iL  jot'e  oil  hand  was  $40,062.11. 
i  -..-,-.1  (11.  i!i- .1-:::-.:  ro  *44.4S1.36,  Ims  been 
'  -  i.-ii  ■■  '•  !■:  '';,:^  :>tates  doriiig  the  year,  and 
,  ,.  I  11-  i.'.-l  V  ■«  '-■'■'-  k  ^-ous  sources,  iueludiug  repay- 
„    ,  ;-.  iJ   ■  ".*:  ^\i!ian^es.  *i',974.23,  making  a  total 

;  .^^  ,.,  ,ti.'wu  ill  detail  in  tlie  reiHjrtof  the  Execu- 
w  ■-■-.■11  ?.:;>.'i4iVi7.  leaviuguii  unexpemied  balance 
I  -#t7,S7.>-:i:.{.  Tiiis  iucliidca  a  aiim  of  $10,000,  the 
;  ,.f  ^-VWW  (Vvnn  the  late  Dr.  J.  H,  Kidder  and  a 
■mmiit  In>'n  l>r.  Alexander  Graham  Bell  ire I'sonally 
|)tiy.-iic;il  investit:iitions,  wlitcli  was.  with  the  donor's 
>v  the  Swretary  to  tl»e  eroilit  of  the  fnnds  of  tbe 
to  order.     Neither  of  tliese  sums,  then,  forms  a  por- 
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tjon  of  the  invested  fdnd^,  and  l>otli  liave  been  held  in  the  bopu  tliat 
Congress  woald  later  provide  a  8it«  for  n  |>ermaneut  building  for  the 
As^-Physical  Observatory.  The  balance  available  for  the  general 
purposes  of  tbe  lastitution  on  July  1,  1892,  was  $37,875.33,  but  tliia  is 
in  large  part  held  agaiust  various  liabilities,  for  scientific  puriH>ses. 

Tbe  InstitutioQ  has  beeu  charged  by  CoiigreHs  with  Ibo  disbtinie- 
meut  daring  the  year  of  the  following  appropriations : 

For  InternatioDal  E^rhanf^ *17,(X)0 

Fnr  Ethnological  BesrarcbM 50,000 

For  NitioDAl  Mnacnni ; 

PTCMrvatiuiiofcollectlonH 145,000 

Fomiture  ami  fixtures i-VKW 

Heating  and  lighting - 15,000 

Postage 500 

Flo«riDg  forMoBeiim  buildiag 5,000 

DntitH  OH  artirlea  imported 1,000 

Pnrchasoof  Ciiprou  Collei^tion  nr  .laponeM  Work*  of  Art 10,000 

Priuting 16,000 

For  National  Zoologirall'ark: 

IniprovementH 15,000 

BaiUlingn 18,000 

Hiiiiit«iiance 17,500 

For  Aatru-Physical  Obgyrvatory 10,000 

To  these  Hhould  be  added  the  small  unexpended  balance  of  the  special 
ap))ropriatlon  of  *92,flOO  made  April  30,  1890,  for  the  National  Zonlog- 
ical  Park. 

The  vontihers  for  the  disbursement  of  these  appropriations  have  boon 
ciamined  by  the  Executive  Committee,  and  the  various  items  of  cxpen- 
tUtnre  are  set  forth  in  a  letter  addressed  to  the  Speaker  of  the  House 
ofBepresentatives,  in  acci>rdance with  a  provision  of  the  Sundry  Civil 
Actof  October  2, 1888;  while  the  expenditures  from  the  Smithsonian 
fiind  have  likewise  been  examined  and  approved  by  the  Executive 
Gamniittee,  and  are  shown  in  their  report, 

Iraay  call  attention  to  the  fact  that  the  Secretary  has  l>eoii  <)esirous 
toaeea  change  in  the  phraseology  of  the  Sundry  Civil  Act  making  ap- 
propriation for  ethnological  researches,  which  would  relieve  him  from 
tlte  personal  responsibility  imposed  by  the  language  of  former  bills. 
Snch  a  change  has  now  been  made,  whereby  the  appropriation  is  placed 
"under  the  direction  of  the  Smithsonian  Institution,"  instead  of  in  the 
charge  of  the  "Secretaryof  the  Smithsonian  Institution,"  as  heretofore. 
Tbe  vouchers  from  the  Bureau  of  Ethnology  are  therefore  now  scruti- 
iiiied  by  the  Executive  Gommitt«e,  as  are  all  other  expenditures  of  the 
Institution. 

Tiie  estimates  for  the  fiscal  year  ending  .June  30,  1803,  forwarded  to 
Iw  Secretary  of  the  Treasury,  under  date  of  October  7,  18!)1,  were  ns 
fallows: 

Building,  SmithMiiiian  Institution $5,000 

Intanational  Exchanges 11,000 

SorUt  AjDBricaa Etiinolog; |... {.'uii )'.    ^i*"^ 
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'"';"  ''  '" <l""l Ifai.y  ..ranince  can  begimi 

,  '"'  "'"  i'>"l"llilll,v  1»  |m.|i<irly  iMtailed.     If  „„^ 


I.I  1 , ,       """' "'"  "' 'I  inatori,.!  will  be  lost  to  (he 

'  ■ I  I  „  ,  „.'  ""  '"  ,"  '',".''  "" '  ''I  "!>•  opinion,  nearly  eonri  thf 

■lliii  I ,1    ,1^'^'  '""  l""Ml"«  IliUlio  Muminui, 

I'll-'  "ill.  I  (.11.1 .  ,1.1 1,  I""   '""'.•'..'.   «.»'  IIiiIhIiwI  Hiid  .>ccnpi.>(l  iu  1881 

•"  II..'"  I...  .11113  ,1,    l.iii'i,  „'"  |''''"">  "'."  ""  '."^^v  lis  1883  the  KcgeMs, 
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A  bill  pro\iding  for  tbe  erection  of  a  flre-proof  buildiag  for  the 
Niitioiial  Maseiim  was  iiitrodaced  in  the  Senate  by  the  Hod.  J.  S.  Mor- 
rill, aud  passed  the  Senate  on  April  15,  1892,  but  failed  to  eecure 
&vorabIe  action  in  the  House. 

The  work  of  flre-prooflng  the  so-called  "  chapel"  of  the  west  wing 
of  the  Smithsonian  baiMing  ban  been  practically  completed,  and  I 
wonid  especially  urge  that  the  balance  of  this  appropriation,  unex- 
pended, by  reason  of  a  limiting  clause  introtluced  in  tbe  act,  on  account 
of  vhicb  the  money  is  not  available  for  certain  repairs  originally  con- 
templated, Rbould  be  now  made  available  by  Congress  for  increasing 
the  storage  room  in  tbe  east  wing  of  the  building,  and  at  the  same 
time  that  certain  rooms  be  fitted  for  the  special  needs  of  the  Govern- 
ment Exchange  Bureau,  now  occupying  rooms  in  the  Main  Building, 
QTgently  needed  for  other  purposes. 

The  new  buildings  erected  or  in  progress  of  erection  for  the  collec- 
tion of  living  animals,  being  all  in  tbe  Zoological  Park,  are  mentioned 
in  the  report  npou  the  park. 

BESEARCn. 

In  pursuance  of  the  long  established  policy  of  the  Institution,  finan- 
cial aid  has,  during  tbe  past  year,  been  extended  to  original  investi- 
gators In  the  domain  of  science,  aud  considering  tbe  mmlest  sum  that 
it  has  been  found  possible  to  devote  to  this  purpose,  the  results  are 
patifying. 

The  subscription  for  twenty  copies  of  the  Astronomical  Journal, 
vhich  are  distributed  abroad  as  exchanges  of  the  Institution,  has  been 
continued. 

To  the  Lick  Observatory,  through  its  director.  Prof.  Holden,  an  addi- 
tunal  grant  has  been  made  for  the  continuance  of  experiments  in  Innar 
pliotography. 

Prof.  E.  W.  Morley  is  still  engaged  in  his  determinations  of  the 
density  of  oxygen  and  hydrogen,  for  which  some  special  apparatus  has 
been  provided  by  the  Institution. 

Mention  has  been  made  in  previous  repoits  of  the  aid  extended  to 
Prof.  A.  A.  Michelson,  of  Clark  University,  in  bis  experiments  with  the 
ifcfraciometer,  and  in  the  determination  of  a  universal  standard  of 
length  founded  on  the  wave  length  of  light.  In  furtherance  of  tbe 
later  project,  the  Institution  will,  during  the  coming  summer,  send  one 
of  its  scientific  staff  to  assist  Prof.  Michelson  in  his  investigations 
wAa  tbe  auspices  of  the  International  Bureau  of  Weights  and  Meas- 
nras  in  the  laboratory  of  tbe  Bureau  at  Sevres,  France. 

Both  these  latter  investigations  refer  to  fundamental  constants  of 

natore,  and  their  results  promise  to  be  of  wide  and  tasting  importance. 

Alhsion  was  made  In  my  last  report  to  aid  extended  to  Dr.  Wnlcott 

Qibbs  in  faiB  investigations  of  tbe  physiological  action  of  chemical  corn- 
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pMinrifl.    Tlw**  invt^cisariont  are  now  irompleted,  and  Itiive  resalted 
iit  »  4iit)4tAnriHl  •mntrilmtion  to  tbw  branch  of  ncience. 

.intrrt-phttnirnt  (Hmnrritt^rg. — The  Smitbiwiiian  Astro- physical  Ob- 
MTv^nr,-  ^nll  ocFripii-Jt  r.lif  temporary  wooden  shelter  apoa  thegroDnda 
\nM.  *imT\i  of  riirr  .-^initti:«>ni»n  boil'ling.  aofl  the  money  given  to  the  Id- 
■•rirnrion  for  thf  "Vt^-.xxnn  of  »  mon'  permaneDt  batldiug  is  still  held 
wiiilft  ;*w!iiiiiiu  rlie  a«Tioii  of  t'onffreaf*  in  providing  »  8it«.  Theob- 
;wipvafiry  ii;»s  rwRiT*^  mnili  of  my  personal  attention  during  the  year. 
In  ^iraTMmpnrM  bi  Co[i;^«^stt  ami  elsewhere  8i>me  brief  official  espla- 
nai.ion  \vMt  heen  ;^ven  of  the  object  of  this  observatory,  which,  as  it 
liaM  luiC  lietrn  e^pliiricly  j^ven  in  previous  reports,  I  repeat  here  ia  the 
mint  .-4nci-.uiiT  manner  before  entering  on  any  description  of  the  special 
work. 

The  ;^nerai  objef'tof  luwronooiy.  the  oldest  of  the  sciences,  was,  un- 
til -.i  Vfry  hire  period,  tti  .^tndy  the  places  and  motions  of  the  heavenly 
IxMUe^.  ^irh  Utrle  :«pei:iiU  retWrence  to  the  wants  of  man  in  his  daily 
lirV.iitbfr  rliaii  in  rhe  .^iplicatioa  of  the  tttudy  to  the  purposes  of  navi- 
;^Don. 

^Vi^htn  the  p:isc  g^'neration.  :ukd  almost  coin  c  id  en  tally  with  the  dis- 
'•overr  of  rbe  ■ipii-tri)S(iipe.  a  new  branch  of  astronomy  has  arisen, 
vfaich  if  •H>mer;mf-;calltf<iastro-phyfflC8,aml  whose  purpose  is  (I istiuctly 
(lilferenctromtiiac  "f  du<liug  the  places  of  the  stars,  or  tbemoon,  or  the 
sun:  which  is  the  i>riin.iiia!  eud  in  view  at  such  an  observatory  as  that, 
fi>r  insTaoi-e.  at  Greenwich. 

Th«  disrio.r  .bjerr  of  astn>-physic-s  is,  in  the  case  of  the  sun,  for  es 
aoipie.  not  to  mart  its  exact  place  in  the  sky,  but  to  tind  out  how  it 
ad!eft:<  the  eanband  the  wantfof  manonit;  how  its  heat  is  distributed, 
and  how  it  in  tact  affects  not  only  the  seasons  and  the  fanner's  crops, 
bat  tbe  wbvJe  system  of  living  things  on  the  earth,  for  it  has  lately 
bewn  pro\-enlbat  in  a  physical  sense,  it,  and  almost  italone,  literally  first 
creut««  and  then  modifies  them  in  almost  every  possible  way. 

We  ha\'e  however  arrivwl  at  a  knowledge  that  it  does  so,  withont 

>"et  knowing  in  Bioet  cases  how  it  does  so,  and  we  are  sure  of  the  great 

iin[KtrtaiK-«  iif  thi;-  last  acquisition,  while  still  largely  in  ignorance  how 

h>  obtain  it.     We  are,  for  example,  sure  that  the  latter  knowledge 

wiHiM  torm  iin»>n>:  other  things  a  sctcntilic  basis  for  meteorology  aod 

eiiablf  MS  ro  pn^liot  the  years  of  jro-Ml  or  bad  harvests,  so  far  as  these 

•  (eiH^inl   •>«(   ti.itui-al  catisi's.  jndi-peiident  of  man,  and  yet  we  are  still 

v.>r\-  t';tr  't'.'wt  (H'itix:  able  to  niakt*  snch  a  piiiliction,  and  we  cannot 

<(<>  so  f'  *\-  h.tvo  IwtiiitHl  moiv  by  snili  studies  as  those  in  question. 

Kn.'M  S\\i;\'  ..f  n„,  i,„t„|-t,  „f  rht'  lertnin.  hut  still  imjjerfectly  iiii- 

«(.'f»f.s>  ■     \  iK'ii.Unuv  of  (tiin-siriul  events  on  .lolar  canses,  is,  then,  of 

(In>>;i■.^    •'•■   ('»tutu-,»l  »H.)iv>tiii»'oi-e.  and  il  is  with  these  large  aims  of 

t    "."!*,     ^        '"'   "'   ^ '»'«.»»' «»''t '♦"  I*"'  'lie  alwtract  interest  of  scieu- 

^'^,'"        "  ^    **'.*  '"'*'   lh,(i  ^u^^  UowiniHont  is  iv*ked  to  recognize  such 

^^'  '^sUsvttrtl  (HunnUnwi  Hir  It  is  t«  such  a  knowledge  of 
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caniies  with  sack  practical  f^anHequencOH  tliat  this  class  (if  investiga- 
tion aims  and  tends. 

Astro-physicB  by  no  means  confines  its  iiivcstigatiou  to  the  son, 
thoDgh  that  is  the  most  iuiiwrtaiit  subject  of  its  study  and  one  which 
liaa  been  nudert^keii  by  nearly  eveiy  leading  government  of  the  civil- 
ized world  but  the  United  States.  France  has  a  great  astro-physical 
obsenatory  at  Meudon,  and  Germany  one  on  an  equal  scale  at  Pots- 
dam, while  England,  Italy,  and  other  countries  have  also,  at  the  ua- 
tioDal  expense,  maintained  for  many  years  institutions  for  the  prosecu- 
tion of  astro-pbysical  science. 

It  has  been  observed  that  this  recent  science  itself  was  almost  coeval 
vith  the  discovery  of  the  spectroscope,  and  that  instrument  has  every- 
ibae  been  largely  einployeil  in  moat  of  its  work.  Of  the  beat  which 
tiibSQu  sends,  however,  and  which,  in  its  terrestrinl  manifestations,  is 
Ibe  principal  object  of  our  study,  it  has  long  been  well  known  that  the 
spectroscope  could  recognize  only  about  one-quarter — three-quarters 
of  all  this  Bolar  heat  being  in  a  form  which  the  ordinary  spectroscope 
can  iH>t  see  nor  analyze,  lying  as  it  does  in  the  almost  nnknowu  "  infm- 
red''end  of  the  spectrum,  where  neither  the  eye  nor  the  photograph 
can  examine  it.  It  has  been  known  for  many  years  that  it  was  there,  and 
wohaveha<l  a  rough  idea  of  its  amount,  with  an  almost  total  incapacity 
to  exhibit  it  in  detitil.  Our  imperfect  knowledge  of  this  region  is  at 
present  represented  by  a  few  inadequate  types  of  parts  of  it  given  in 
drawings  made  by  band,  where  the  attempts  to  depict  it  at  all  are  even 
to-day  more  crude  than  the  very  earliest  charts  of  the  visible  spectrum, 
made  in  the  infancy  of  spectroscopic  science. 

One  of  the  first  pieces  of  work  which  this  observatory  has  under- 
takenisto  explore  and  describe  what  may  be  properly  called  "this  great 
nobiowii  region,"  by  a  method  wliich  the  writer  has  recently  been  able 
to  bring  to  sucli  a  degree  of  success  as  to  give  good  grounds  for 
its  cuntinned  prosecution  and  for  the  hope  that  a  complete  map  of  this 
whole  region  will  shortly  be  produced  by  an  automatic  and  therefore 
tmstworthy  process,  showing  the  lines  corresponding  t^i  the  so-called 
Fraanfaofer  linef  in  the  upper  spectrum. 

The  firstiyear's  work  of  any  such  observatory  must  ordinarily  con- 
sst  largely  in  perfecting  its  appai'atns  and  determining  its  constants, 
bnt  a  jwrtioii  of  this  necessary  labor  lias  been  deferred  in  favor  of  this 
principal  task,  of  which  it  is  hoped  that  another  year  will  see  the  es- 
Kntial  completion.  In  this,  the  present  principal  scientific  work  here, 
all  resources  of  the  observatory  are,  then,  for  the  time  being  engaged. 

1  liave  acknowledged  in  a  previous  report  the  valuable  assistance  of 
Prof.  (!.  C.  Hutcliins,  of  Bf>wdoin  College,  who  efficiently  aided  in  in- 
Htalling  the  apparatus.  Prof.  Hutcliins  was  obliged  to  leave  in  Aug- 
nftt.  On  the  16th  of  November  Dr.  William  Hallock  was  appointed 
stttior  assistant. 

At  different  times  during  the  year,  there  have  been  employeil  as 
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Hsstetaiit^*  Mr.  C.  A.  Saundtrs.  Mr.  C.  T.  Child,  aud  Mr.  F.  L.  O.  Wads- 
worth.  A  |)hotographer  and  a  laborer  r«mplete  the  present  force  of 
the  Obaervntory. 

liithelaUerportoftberiear.  Dr.  Hallock.  toiny  regret,  advised  me  of 
bis  proximate  rail  to  aootbtr  dDtv.  and  the  work  was  later  left  tempo- 
rarily in  tberbargeof  Mr.  WMUworth.  who  had  joined  the  staff  in  Jane. 
!«(  who  was  sent  t.>  Korope  in  July,  for  the  porpose,  elsewhere  refenwl 
to.  of  contnbntin;  to  the  wwfc  of  rsiabhshing  a  wave-length  staudan) 
attd«T  PmCKsaor  Mtcbel^^w.  The  labor  has  been  carried  on  under  ibt 
disAtl\-^antat;<R:  of  these  inleiTTiptioD&  and  al^o  under  others  of  anottwi 
kind,  live  to  the  fiicf  tkit  the  exoi»nrlr  delieate  apparatus,  which  l* 
wd  in  a  iwrpemally  darkerxtl  rx«om.  isv  by  r*a-i<jn  of  the  location  of  the 
l«HqtitruT  «4K)efTM<WT>bmi.ir:p:x>\iai:ty  totraffir-laden  streets,  whert 
Oetv  is  lUr^w  iii->t  :>*  p***ir.  -  x^Ykits  afle>-t  the  accnracy  of  the  ob- 
s»erv^;!»y>  Nxfc  Vr  earth  trf^...>rs  a=d  by  nuirnetic  distnrbauces.  Sot- 
w-.:Vjtir.--.:r.f  :>-*«<■  LiTTf-r  dramirvMt-v  mneh  Iwner  revolts  have  been 
«)«aiaej  t>-ia  ::  w*s  >v-ir->*s*,i  *>v;M  be  rmt-bed  in  sach  a  sitnatim. 
Mid  the>eh  as  I  y.aT»  s»>i.  I  ira^i,  a:..<heT  y*ar  will  enable  the  Instim 

S»\^,  i;  \.  "■-*,■>  rs  ^\*  '<f<Ti  OAnieil  -ti  dariu;:  tW  year  by  the 
r  A  :--•.•"  'V.  -^-■<.-,:^.'.:...i-.niWtraii*f.Tt.uheMn8eaniofman.v 
^A^ST'  *r«  ■u^-;  .-  ":hv,s  .>;■  r-.;i.-^i.al,  b.^wiii«d.  and  geological 
■*»:v-c-i'.  T^r.  w.  :_  X.nN'TI  )ias  oivniBUrti  his  wori;  iu  Asia  and  has 
.•\v.:-.-V -n^i  .>;W>»'->in»J«'  i"  Kashmir.  T»r.  Edjrar  A.MearaR,of  the 
•.•.-.n-nair,  -.^  ?-  •:-•■  a^"'  r.-v'-ttus.-'ioii.  hns  sent  aevfra)  laxfft  orilections 
M  Mi-ir^  i  "^■^■^  s,«>-;m<'Hs  obtjiiuM  near  rho  bwa.-r  line  between  the 
',"  fV!i  S-*-'^  an'l  Wo\io<v  Wr.  T.  I^  -Irtnyhn*.  mnde  anpiitaat  tol- 
W-t".'.*  in  Arizona  Ami  N>«  M«'v-<a.    <ToII«-r,,.i,s  -r  :,.,  figbes<rfyjai- 

^Va.--   s  '  ^w   ^^^  *•*     '7Z^  l,Z     '"""^   '^''-  ■*'■■■  ^'  »J™ady 

:.-  ;  ■  ^■-  "'',;.*. -.'"'»'.;*. 7/.. ---t  ^-y■l^'T^■^^-'**''™™«s 
"o  .-  ■-■  ':'  .'.Hi  '"  hi'Ui-tu,  A.;.  >^.*~^"- .  "**^'^--  ^«  started 
„  ,  -  ,  -'■■'■  ■„'j,n('*»^  //«.,'-/)  ■,,,;.  I,,  ■  v^,  7~  »'■*-'*■'**'■  ■niil>«, 
^  '  ■  '  -"  n'.v"  '"""  *'"  '*■  ■''*■'-  •  .1' -'  *  '"  *"  ''  **■*  P«»''l»l« 
-  ,  t"  -"■■■*  L.ihI  UmI  („*  y,..:,^l-  »-■,""*  "T  "^  "I'">rw  it  may 
'^   v.ni"""',„„  i„»*l'ilf"  »t  u..,.,..,„u,rv'.  '=  ""Pon*iit  eon- 

r. i;;,V' ::: '  "'"''■«  "■-  "■■" "-  -"  »uh.,  .^^  .^ 
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tioiiB  to  Knowledge,"  iu  qnarto  forui,  comprising  original  mcinoim  of 
reeearches  believed  to  present  new  truthB,  and  wIiicIl,  as  required, 
u« liberally  illaatrnted  with  figures  or  plates;  secondly,  the  series  of 
"Smithsonian  Miscellaneous  Collections, "  in  octavo  aize,  containing 
special  reports,  systematic  lists  of  synopses  of  species,  etc.,  whether 
from  the  organic  or  the  inorganic  world,  instructions  to  naturalists  for 
collecting  and  preserving  specimens,  special  bibliographies,  tabulated 
ipsnlts,  and  other  aids  to  scientific  investigation  not  generally  requir- 
ing illostratlonB ;  and  lastly,  the  series  of  "  Smithsonian  Annual  Be- 
ports,"  presenting  to  Congress,  through  the  Secretary,  the  condition  of 
the  Institution,  accompanied,  uuder  the  early  plan  of  Professor  Henry, 
byacientiflc  articles  frouicorapetentwri  tors,  either  original  or  selected, 
batu  a  rule  in  au  technical  terms,  representing  the  advances  made  in  va- 
riMudepartments  of  research  and  Irequently  admitting  of  illustration  by 
plates  or  figuretf.  Thf'se  articles  are  intended  to  be  of  interest  not  alone 
to  the  correspondents  and  collaborators  of  the  Institution,  but  to  that 
large  number  of  the  educated  public  who  follow  such  statements  with 
[at>fit  when  they  are  presenteil  in  popularly  intelligible  form. 

Smilka&Hian  Contributions  to  Ktiotcledge. — Theonly  publication  of  the 
year  in  this  series  is  a  memoir  (letailing  the  results  of  original  experi- 
meutM  ill  aerodynamics  by  the  Secrc^tary,*  and  occupying  llu  quarto 
pages,  dlustnited  with  11  figures  and  10  plates. 

Smitkaonian  Miscellaneona  Collections. — The  numlier  of  titles  in  this 
series  during  the  year  is  47,  of  which  none  seem  to  call  fur  any  partic- 
nlar  comment. 

^ithsonian  Annual  Report. — I  have  referred  in  my  report  for  1880 
t«  a  modification  of  the  plan  on  which  the  Api»en<Iix  was  prepared. 
FnHu  1880  to  1888  the  Appendix  was  chiefly  devott'd  to  an  annual  sum- 
loaiyof  progress  iu  various  branches  of  science.  The  growing  inclfl- 
dency  of  this  summary,  due  to  causes  elsewhere  mentioned,  ted  me  to 
retam  in  the  report  for  1880  to  the  earlier  plan  of  Prof.  Heury,  which 
TO9  to  present  a  selection  of  papers  by  eminent,  or  at  lea»)t  competent, 
erpoeitors,  chosen  from  the  scientific  literature  of  the  year.  This  m<Kli- 
fieatioQ,  or  rather  this  return  to  the  method  of  the  earlier  reports, 
ioH  been  continued,  and  seems  to  meet  with  general  ai)preciation  at  the 
dands  of  the  correspondents  of  the  Institution  and  others  to  whom  the 
report*  are  sent.  The  report  for  ISiKt  issued  during  the  year  embraces 
ii  considerable  range  of  scientific  investigation  and  discussion.  Many 
of  the  papers  are  the  work  of  distinguished  investigators,  and  all  are 
presented  in  nntechnical  language  so  a«  to  interest  the  largest  number. 
iMnar  pbotograplm. — I  have  devoted  considerable  thought  to  a  plan 
for  publishing  a  work  ou  the  moon,  which  shall  represent  the  present 
tiiowledge  of  the  physical  features  of  our  satidlite.    A  study  of  the 

'Jtnoliwf,  That  the  Secretary  of  tlie  Sniitlisnninn  Institntion  be  rei|iieet«d  tr>  con- 
'iiae  his  reMsrches  in  pbysirul  science,  and  to  present  aiicli  facts  and  principles  u 
Bar  b«  developed  for  publication  in  tiie  Smithsunion  Contribntions.  (Journal of 
Proeecdingi  of  Bo«d  of  BegeuU,  January  26,  ItHT. ) 


•  ,--     .— ,   iiL-L  ■"ia»i  «t 
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berof  scientific  meu  tbrougboitt  the  world,  haa  received  such  att«ntiou 
in  my  recent  reports  that  it  seems  unuecessary  to  dwell  upon  it  at 
length  here. 

The  work  of  the  bureau  continues  to  increaBe,  aud  iu  spite  of  inany 
labor-saving  devices  in  the  clerical  work  sugt^ested  by  experience,  it  will 
be  impossible  to  meet  all  the  demands  made  for  transportation  of  doc- 
oments  unless  some  considerable  increase  is  also  made  in  the  amouut 
appTopriated  by  the  General  Government  in  the  near  future. 

The  United  States  Government  has  undertaken,  by  a  treaty  formu- 
lated at  Brussels  in  1886,  aud  finally  proclaimed  by  the  President  In 
1SS9,  to  cany  on  a  system  of  international  exchanges.  These  various 
coniitries  adhering  to  the  treaty  have  formally  agreed  each  to  estab- 
M  a  bm-eau  charged  with  the  duty  of  attending  to  the  exchange  of 
official  documents,  parliamentary  and  administrative,  which  are  pub- 
lii^bed  in  the  country  of  their  origin,  and  the  bureaus  of  exchange  will 
farthermore  serve  as  tnteiinediaries  between  the  learned  bodies  and 
lilerary  aud  scientific  societies  of  the  contracting  States  for  the  recep- 
tion aud  transmission  of  their  publications. 

In  transmitting  abroad  each  State  assumes  the  expeu.ses  of  packing 
and  transportatioji  Ut  the  place  tif  destiuation,  but  when  the  transmis- 
mai  are  made  by  sea,  special  arrangements  regulate  the  share  of  each 
State  in  the  expense  of  transportation. 

The  Smithsonian  Institution,  having  since  1850  conducted  an  ex- 
diaoge  service  with  means  of  communication  over  the  entire  world,  has 
been  charged  by  the  United  States  Government  with  the  conduct  of 
its  own  exchange  business,  and  appropriatious  for  the  purpose  have 
aecortogly  been  made  of  late  years  to  the  lustitution,  covering  at 
pTesent  the  greater  part  of  the  expense.  The  deficiency  arising  each 
yearhasbeeu  met  from  the  Smithsonian  fund,  and  the  Institution  has 
coDlinDed  its  paid  agents  in  England  anil  in  Germany,  as  these  two 
aranlries  have  not  signifled  their  adherence  to  the  treaty  in  question, 
bflt  maintain  exchange  relations  with  the  United  States  indejtendeutly 
ofothei  countries  concerned  in  the  treaty.  By  referring  to  the  cura- 
te's statistical  report  contained  in  the  Appendix,  it  will  be  seen  that 
Bra  100  tons  of  books  passed  through  the  ex<'hunge  office  during  the 
fi*al  year,  representing  97,(H'7  packages — an  increase  of  6.3fil  packages 
flTer the  number  handled  during  the  preceding  year — while  upon  the 
«Khange  books,  accounts  of  publications  receiveji  and  transmitted  are 
Wt  with  20,(>82  societies  or  iiistitution.t  and  individuals.  The  expen^ 
iitnraa  upon  this  account  have  amcmnted  to  $20,-110.49,  of  which  *17,000 
*f re  appropriated  by  Congress,  $2,108.44  were  repaid  by  Government 
boieang,  and  130,75  by  State  iqstitutions  and  otherw,  leaving  a 
deficiency  of  $1,171.30  to  be  met  by  the  Smithsonian  Institution. 

The  expenses,  it  will  be  noted,  take  no  account  of  the  rent  value  of 
"lerooQift  in  the  Institution  occupied  iu  this  manner  by  the  General 
Government  for  exchange  i)urposes,  or  that  portion  of  the  service  of 
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A  memoraDdiim  in  regard  to  this  matter  was  duly  ti-uiiBmitted  to  the 
ion.  Benjamiu  Bnttorrrortb,  a  member  of  the  Board  of  Begente,  in  the 
Souse  of  Representatives,  for  the  i)uriK)ae  of  takiug  tlie  necessary  steps 
o  procure  a  retnrn  by  Congress  to  the  iSmitlisoiiiat)  fund  of  this  last 
nentionetl  sum,  namely,  $45,175.82,  but  I  am  not  aware  that  action  has 
)eeu  taken  on  it. 

LIBEARY.' 

The  acuesaious  to  the  library  have  been  recorded  as  in  the  iirevious 
rear,  the  entry  immbers  in  the  aecession  book  extending  from  225,586 
10  246,109. 

The  following  statement  shows  the  luiniber  of  volumes,  part«  of  vol- 
umes, pamphlet's,  and  charts  received  from  July  1,  1891,  to  June  30, 
1S92. 
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Of  thene  accessions,  297  volumes,  6,363  parts  of  volumes,  and  771  pam- 
phlets— 7,434  in  all — were  retained  for  use  in  the  Institution  aud  SIu- 
aeam;  and  857  medical  dissertations  were  deposited  in  the  library  of 
the  Surgeon-General,  V.  S.  Army;  the  remaining  publications  were 
sent  to  the  Library  of  Congress  on  the  Monday  following  their  receipt. 
The  reading  room  continues  to  be  well  used;  it  baa  only  been  possi- 
ble to  pmvide  room  uiion  the  shelves  for  new  jteriodicals  by  i-emoving 
to  Oa  special  libraries  under  the  charge  of  curators  or  to  the  Library 
of  GoQgreas  such  technical  periodicals  as  experience  has  shown  are 
seldom  called  for  by  general  readers. 

The  plan  detailed  in  my  refwrt  for  1887-'88  for  increasing  the  acces- 
aoBs  to  the  library  aud  for  completing  the  series  of  scientiflc  journals 
tktady  in  possession  of  the  Institution  has  been  continued;  the  snp- 
pkmentary  work  involved  by  the  issue  of  new  scientiflcjoomals  within 
the  last  few  years  has  added  somewhat  to  the  work  originally  planned. 
The  small  collection  of  books  forming  what  is  called  "  the  Secretary's 
libmry"  has  been  added  to  this  year,  but  is  already  encroaching  upon 
tte  limited  spaceavaiUble  for  library  purposes.  These  books,  as  I  have 
lilted  iu  my  previous  reports,  are  mostly,  if  uot  exclusively,  books  of 
sctentiflc  reference,  and  are,  under  certain  restrictions,  available  to  all 
connected  with  the  Institution. 

I  n^ret  to  state  that  Mr.  John  Murdoch,  who  has  been  the  efficient 
litnuiau  of  the  Institution  since  I8S7,  resigned  his  imsition  on  May 
1^  1893.     At  the  close  of  the  year  his  successor  had  not  been  appointed. 
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>  the  Anierii-aii  Ori«n1al  Society  as  a  place  of  assembly  in  April,  1892, 
■III  later  to  the  Art  Congress  for  a  loau  esliibitioii  of  works  of  Amer- 
an  artists,  held  during  the  session  of  the  Congress  iu  May,  1893. 
TUc  Bodgkina  gift. — In  May,  1891,  a  letter  received  from  Mr.  Thomas 
luorge  Hodgktns,  of  Setauket,  K.  ¥.,  led  to  a  correspondence  in  which 
e  was  advised  by  the  Secretary  of  the  objects  of  the  Institution.  At 
li.  Qodgkins's  request,  the  Secretary,  and  subsequently,  the  Assistant 
ucretary,  made  several  visitt:i  t^ihim  at  his  home,  and  in  conrersatiou 
itk  him  learned  more  in  detail  his  wishes  with  reference  to  a  proposed 
.ift. 
Mr.  Uodgkiui*  wished  to  present  to  the  Smithsonian  Institution  the 
tUQor  $20U,0U0,  the  interest  of  |100,00U  of  wluch  was  to  be  used  for 
tegeneral  purposes  of  the  Institution  iu  the  "increase  and  diffusiou 
•fkoowledge  among  men,"  provided  that  the  interest  of  the  other  $1U0,- 
lOOslioald  l>e  itsod  in  the  investigation  of  the  properties  of  atmospheric 
tir  CLinsidered  in  its  very  widest  rolationship  to  all  branches  of  science. 
Before  taking  any  steps  with  regard  to  this  ofler,  a  telegram  was  sent 
ID  June  22, 1891,  to  each  Regent  who  could  be  reached  in  this  country, 
requesting  his  individual  opinion  of  the  propriety  of  accepting  Mr. 
Bodgkins'  proposition.  Favorable  opinions  Iia\nng  been  received  in 
jnswerto  this  &om  nearly  all  the  Itegents,  >Ir.  Hodgkins  later,  on 
September  22,  at  his  home  ou  Long  Island,  placed  his  gift  of  $200,000 
ID  cash  in  the  hands  of  the  Secretary,  with  the  understanding  that  an 
early  meeting  of  the  Regents  would  be  called  to  consider  ite  formal 
uc«ptauce  under  the  terms  which  Mr.  Hodgkins  proposed. 

A  meeting  of  the  .Regents  was  therefore  called  at  tb<j  earliest  day 
practicable  (October  21, 1891),  and  the  matter  having  been  laid  before 
t\imiu  detail,  the  gift  was  jfccceptod  in  the  terms  of  the  donor. 

It  seems  appropriate  at  this  time  to  make  a  statement  in  elucidation 
cT  Mr.  Bodgkins's  wishes  as  they  have  been  expressed  in  various 
Mofetences  with  the  Secretary  and  the  Assistant  Secretary,  It  is  not 
hii)  intention  that  his  fiind  should  be  applied  to  special  investigation  in 
sanitary  science,  but  he  desires  rather  that  the  standard  of  work 
slwold  be  primarily  iu  relation  to  the  demands  of  pure  science,  believing 
titatapphcatiou  in  numy  directions  would  follow.  He  has  spoken  of 
Hi*  experiments  of  Franklin  upon  atmospheric  electricity  as  one  of  the 
iavestigatious  which,  if  carried  on  at  the  jiresent  day,  would  be 
germane  to  his  foundation;  and  has,  in  further  illustration  of  his 
meaning,  also  referred  to  the  prize  awarded  by  the  French  Academy  of 
Sdeuces  to  Paul  Bert  for  his  discovery  in  regard  to  the  influences  of 
osjgen  on  the  phenomena  of  vitality,  as  appropriate  to  his  own  pro- 
iiosed  foundation.  His  great  interest  iu  the  diffusion  of  knowledge 
wnceming  air  grows  out  of  his  belief  that  the  air  is  of  the  highest 
importance  to  man  in  every  aspect  of  his  physical  and  mental  condition, 
anil  he  hopes  that  his  gift  will  stimulate  scientific  investigation  of  the 
liifilieat  order  by  the  best  minds,  believing  that  by  this  means  the 
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I  shall  also  be  glad  U}  know  if  you  will  voiiseiit  to  be  a  member  of  a 
comuiirh'c  to  award  «ucli  a  prize,  if  given,  and  to  learu  fi-om  you  in 
tbc  same  co'.inection  of  any  lm[>ortaiit  reDearcb,  germane  to  your  own 
8tndi('!4,  tliat  would  be  materially  a«lvanced  by  a  grant  from  the  fundin 
now  available  under  this  liberal  construction. 

In  ftirtber  jllnstratioii  of  my  meaning,  I  take  the  liberty  of  inclosing 
a  copy  of  a  reply  ma<le  to  me  in  answer  to  a  similar  inquiry  concerning 
the  science  of  anthropology,  which  I  do  merely  to  show  more  clearly 
tlie  character  of  the  information  I  desire. 

The  following  was  the  inclosure.  It  is  an  answer  by  a  diRtinguiahed 
authroiwlogist  to  a  similar  ({iiestioti,  and  wsi^  inclosed  as  an  illustration 
of  the  feet  that  the  terms  of  the  Hodgkius  donation  apply  even  Ut  sci- 
mtiflc  matters  which  may  appear  at  lirst  sight  disconnected  with  the 
nhject  {i.  e.  to  anthropology),  but  which  upon  consideratiou  are  aeeu 
to b* intimately  related  to  it: 

Dear  Sir:  In  reply  to  your  inqairy  concerning  the  relations  existing 
between  anthropology  and  the  study  of  the  atmosphere  1  bog  leave  to 
lay  that  the  natural  history  of  man  takes  into  consideration: — 

(1)  Man,  as  modified  by  climate. 

(2)  His  arts  as  oooasioned  and  affected  by  the  atmosphere. 

Ah  to  the  first,  the  atmosphere,  througli  climate.',  elevation,  etc..  upon 
man  considered  a^  an  animal,  is  believed  to  have  afiected  his  bo<lily 
form  and  statore,  the  color  of  his  eyes,  hair,  and  akin;  his  longevity, 
fetnudity,  and  vig*r,  and  therefore  t*t  have  been  the  moat  potent  factor 
of  all  ill  proilucing  those  varieties  of  our  species  called  races,  and  to  be 
at  the  foundation  of  these  problems  whose  discussion  constitutes  the 
science  of  ethnology. 

As  to  the  second,  most  of  the  arts  and  at^tivities  of  man  depend  npon 
the  atmosphere  for  their  suggestion  and  methods.  For  example,  his 
habitations,  clothing,  and  the  common  o(;cnpation8  of  his  daily  life  are 
most  obviously  controlled  by  his  atmospheric  surroundiugK,  which  make 
him  Id  the  Arctic  regions  a  hatiter  of  furs,  dwelling  underground;  in 
tbe  temperate  zone  a  farmer,  dwelling  in  houses;  in  the  tropics  a 
hnnterof  i^ory,  dwelUog  in  open  8helt«r8'ft'om  the  sun. 

Permit  me  to  observe  further,  that  the  study  of  the  air  can  not  be 
omitted  in  connection  with  the  science  of  sociology.  Even  philology 
draws  its  material  and  perhaps  derives  it  forms  largely  from  the  atmos- 
pliere,and  the  primitive  philosophies  and  mythologies  of  the  world  are 
BDed  with  imagery  and  theories  derived  therefrom.  Therefore  in  select- 
ing, at  your  request,  from  the  relationships  of  the  atmosphere  to  the 
science  of  anthropology  in  general,  two  or  more  subjects  for  prize 
essays,  I  have  only  too  much  scoi>e. 

After  much  consideration  1  would  propose  to  suggest  that  a  prize  of 
iu>t  lees  than  $1,000  should  be  offered  for  an  essay  upon  one  of  the  fol- 
Wing  topics: 

1,  The  relation  of  atmos|)heric    phenomena   to  the    cosmogenies, 

creeds,  and  cults  of  all  peoples. 

2,  Atmospheric  changes  as  determining  the  forms  of  primitive  so- 

ciety, family  and  tribal  organizations,  etc. 

3,  As  between  the  monogeuistic  and  the  polygenistic  theory  of  the 

origin  of  maoj  what  light  is  thrown  upon  the  question  by  a  study 
of  atmospheric  influences  nyiou  man's  physical  constitution. 
i.  Atmospheric  iuflneuces  and  phenomena  as  aSiccting  constructive 
aud  decorative  architecture.  -.  , 
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ThiH  atisolicitetl  iacrease  of  the.  <:onectioiis  should  pr4)i>ei'Iy  be  ii 
sonreeorKratitlcation  rather  than  of  embarrassmeDt.  Givwth  ia  essen- 
tial to  tho  welfare  of  a  miiaeain,  and  to  chc<;k  it  is  snre  to  produce  nn- 
fortunate  re-sults.  It  seema  undesirable  to  say  to  the  friends  of  the 
Museum  that  their  valuflble  donations  can  not  be  received.  Such  a 
course  would  alienate  their  sympathy,  and  the  Museum  would  lose  the 
advantage  of  their  good  ofBres.  Under  existing  conditions,  however, 
the  necessity  of  resorting  to  so  undesirable  a  measure  is  perilously 
near.  The  increase  of  thi^  colloctifms  from  certain  otlier  sources  cau 
not  even  thus  he  checked. 

Large  collections  are  made  every  year  by  the  Department  of  Agri- 
tnltnre,  the  Geological  Survey,  the  Fish  Commission,  and  other  I>e- 
partments  and  Bureaus  of  the  Government,  either  as  an  essential  i>art 
of  their  work  or  incidentally.  Byprovisionof  law  the  Museum  is  made 
tlie  custodian  of  these  collections,  and  it  can  not,  tlierefore,  do  other- 
wise than  to  receive  and  preserve  them. 

Many  valuable  objects  are  exposed  to  dust  nud  vandalism  from  the 
lack  of  saffieieut  money  to  procure  the  necessary  cases  for  their  protec- 
tion. Series  of  objects,  sach  as  the  great  Lacoe  collection  of  fossil 
plants,  recently  acquired,  are  frequently  offered  with  the  condition  that 
suitable  cases  be  pwvided.  For  the  safe-k4'eping  of  the  objects  already 
io  the  possession  of  the  Maseuui  and  for  the  reception  of  those  oifered. 
Dumerous  storage  and  exhihitton  coses  nit!  a  neccssit}'. 

The  number  of  s[>ecimens  of  nil  kinds  in  the  Museum  at  the  cIo.se  of 
the  year,  as  shown  hy  the  following  tabic,  nearly  etiiialled  three  and  a 
quarter  millions.  The  increase  for  tho  year  y""*  n'>'>nt  2fiO,(HW)  speci- 
mens, or  nearly  douWe  that  of  l.S!H. 

T*Ut  almtfiiig  IhrauHHal  InereaitiH  Ihe  ileparlmeHln  of  the  yaHonal  Afaii-um. 
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ilinrrrawin  Ikr  dtparlmntli  of  the  Xaliim<il  Muienm — Continnod. 

I  lgn-'88,  I    1888-81.    (>)IBB»- '«*).'  1880- *9I.       18»l-'92. 
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Tin  ircnaati  in  thia  de|>artnwnt  rur  tiiv  ynr  I8«l-'e2  n 
A(lH«i  to  tbi  department  of  vertebrate  roulli. 

J  Mlsr)nde>pepinia»rwdTi)dror  IbeNillnDii 
f  ^tfenagitm  for  18>0-'onaclade,  for  (be  U 
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am  tku  50  per  cent  of  tbe  eatiaiat«l  tuial  fi 
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IbfitKrve  and  daplicate  N-rini  Is  locludpil. 
■TivuIaTedtaIlisNatloDalZooii>glal  Tarli. 
XlfTL-Tba  bet  that  tbe  tigoiti  for  two  » 
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■laial  nana  It  haa  Bot  been  poialbU  to  obtain  Ibe  fifOTM  (boirini  EhB  IncrMM. 
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Di'partment  of  Cfology.  The  oppanmi  defrwwi 
IBtiB  la  Bccuniit«d  for  (II  by  tbe  niieitluu  of  an  it 
|2I  by  the  fact  that  Du  Miimale  of  tbe  alwluiFua  i 
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Condition  of  the  ej^hibilion  kalln. — The  results  «f  over- crowding  Me 
evideot  everywhere  in  the  exhibition  halls.  The  installatioiiof  the 
collections  and  the  comfort  of  visitors  s»e  interfered  with.  It  has 
become  necessary  to  Barrow  the  aisles  in  iiiaiiy  halls  to  such  a  degree 
that  they  are  almost  impassable,  and  on  occasions  when  unusual  nuto- 
bers  of  visitors  are  in  tho  city,  many  objects  of  interest  have  to  be 
withdrawn  from  exhibition.  The  nnavoidable  <rrnwiling  of  the  cases 
interferes  with  the  lighting,  so  that  many  objects  are  practically 
hidden  from  view. 

To  relieve  the  present  pressure,  as  regards  space,  I  have,  iu  address- 
ing Congress,  brought  forward  two  propositions.  For  immediate  and 
temporary  relief  I  have  reconunended  the  election  of  light  galleries 
in  two  of  the  halls,  with  the  intention  of  het'eafter  asking  for  others  of 
the  same  character.  Such  galleries,  unlike  those  iu  the  main  Smith- 
sonian hall,  were  provided  for  iu  the  original  plans  of  the  building,  and 
can  be  erected  without  detracting  from  tlie  appearance  of  the  halls. 

While  these  galleries  would  add  materially  tothe  available  exhibitiou 
space,  we  must  look  to  the  erection  of  a  new  museum  building  for  more 
pennaiient  relief  from  the  present  overcrowded  condition.  A  hill 
providing  for  tho  con -struct  ion  of  a  new  building  has  twice  received 
favorable  action  by  the  Senate,  but  has  failed  to  pa.ss  the  House. 

It  is  greatly  to  be  hoi)cd  that  both  the  galleries  and  also  an  addi- 
tional building  may  be  provided  without  further  delay. 

Curatorships. — There  are  now  in  the  Museum  thirty-three  organized 
departments  and  sections,  under  the  care  of  eight  curators,  paidbytlie 
Museum,  and  twenty  honorary  curators,  detailed  for  special  duty  from 
diSierent  bureaus  of  the  Government.  While  the  latter  render  veiy 
important  and  highly  appreciated  services,  they  are,  of  course,  more 
especially  occupied  with  their  own  i>eculiar  duties,  and  can  not  devote 
more  than  a  small  portion  of  their  time  to  the  interests  of  the  Museoio. 
The  technical  character  of  the  duties  of  the  curattns  renders  highly  dfr 
sirable  the  employment  of  a  larger  paid  staff  of  men  who  have  bad 
special  training  for  nmseuni  work.  In  oider  to  si^ure  the  service."  of 
such  persons,  however,  aiul  to  obtain  the  best  results  for  the  Museum, 
greater  inducements  should  be  offered  in  the  way  of  compensation. 
There  are  few  proJi-ssors  iu  our  colleges  who  do  not  receive  larger  sal- 
aries than  it  is  now  [lossible  to  pay  the  curators  of  the  Museum,  whi), 
nevertheless,  in  addition  to  their  oneious  executive  duties  as  cuatodiatis 
of  the  collections,  hw  oxiwcted  to  furnish  scientific  information  tbr  if- 
plies  to  the  thousand  of  inquiries  receive<l  every  year. 

It  may  be  added  that  the  proper  preservation  of  the  collections  often 
entails  much  manual  labor,  and  in  many  instances  immediate  and  stren- 
uous eflbrts  are  needed  to  save  from  cTitiie  loss  large  collections  of  a 
perishable  nature.  Urgent  work  of  this  kind  is  not  unfrequently  per 
formed  by  the  curators,  - 

It  is  most  desirable  that  the  scientitic  staff  of  tlie  Aluseum  should  be 
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permuiicDtly  i<leiitifle<i  with  it,  and  this  couilitioii  i;aii  hardly  be  reached 
iiuh-s>«  a  majority  at  leant  of  the  curators  are  paid  from  its  appropria- 
tioiid.  Tlie  i>ermaDeiit  assigiiment  of  tlie  (^nrat4>ra  to  their  re»i>ective 
depai'tineiit.8,  witli  ade<iuate  comi>enRitttoii  and  the  absence  of  extraneous 
dnties,  would  materially  advance  the  work  of  the  Museum  on  it»  ttcieii- 
tiflf  side. 

The  hu-k  of  means  to  employ  a  sufficient  number  of  anisistants  in  the 
lower  gn«les  causes  a  large  amount  of  minor  n>atinc  work  to  fall  on  the 
cimitors,  who  are  capable  of  rendering  sei'vices  ()f  a  higher  character- 
On  aocoont  of  this  condition  of  affairs  many  plans  of  the  greatest  impor- 
Uiiice  to  the  Miiseuni  are  held  in  abeyance  fnun  year  to  year,  or  are 
never  cousummated. 

PUrietil  Jbree, — Allusiou  has  been  made  in  my  lornier  reports  to  the 
need  of  additional  clerical  assistance  in  the  Museum.  This  need 
becomes  greater  every  year  as  the  coIlccHonfl  increase  in  magnitude. 
The  salaries  paid  for  clerical  work  are  less  than  in  the  executive  depart- 
meitts  of  the  Ocvernment  and  elsewhere,  and  the  Museum  on  many 
o(«asioi)s  lia-s  lost  tlie  services  of  competent  clerks,  trained  in  their 
special  work,  who  have  been  attrsicted  to  other  fields  of  lalior  by  higher 
compeusation.  Some  of  the  departments  in  the  Museum  are  entirely 
without  clerical  assistance,  and  the  curators  are  obligetl  to  devote  time 
which  conld  be  much  1>ett4-r  employed,  to  the  simple  but  net^essary 
work  of  cataloguing  and  labelling  spe<-inieiis,  preparing  invoices,  and 
unpacking  lioxes. 

For  the  safekeeping  of  the  collections,  which  have  greatly  increased 
in  iutriosic  value  as  well  as  extent,  a  larger  number  of  watcluneu  is 
iKCtssary.  The  force  is  now  so  small  that  it  is  difficult  to  grant  the 
usaal  leaves  of  absence  without  exiiosing  the  collections  to  danger. 
Iti'^also  with  difficulty  that  the  cleanliness  of  the  tloors  and  cases  is 
maintaiueil,  on  account  of  the  limited  number  of  laborers  and  (-leaners 
wliich  the  present  appropriation  will  permit  the  Mus<-iitii  to  employ. 

Dixtribution  of  apecimem. — The  distribution  of  duplicate  material  to 
diicattonal  institutions  has  been  ctmtinued  as  far  as  practicable.  This 
ineans  of  diffusing  knowle<lge  is  ime  of  the  most  popular  features  of  the 
Maseuin  work,  and  has  been  carried  on  unceasingly  for  nearly  half  a 
retitnry,  daring  which  time  nearly  half  a  million  si>ecimens.  embracing 
■namnials,  flslies,  marine  invertebrates,  birds,  shells,  rocks,  ores,  min- 
erals, and  ethnological  objects,  ha\-e  been  given  to  Museums  and  other 
^ncational  institutions  in  the  United  States,  while  iiniwrtant  ex- 
changes with  similar  institutions  abroad  have  resulted  in  much  good  to 
the  Museum.  Tliis  work,  too,  is  iii>w  being  seriously  hindered,  owing 
tolack  of  space  for  the  proper  handling  and  separation  of  the  duplicate 
nuterial,  and  its  classification  and  arrangement  into  series  for  distribu- 

The  material  distributed  during  the  year  consisted  chictjy  of  miner- 
>U,tiiBrine  invertebrates,  and  casts  of  prehistoric  stone  implements, 
and  Amoauted  to  3^,098  siieciinens. 
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PHitliiyitiima. — ^Tbtfrf  liiie-  LMfeu  imaniul  jcdvltyhi  the  work  of  this  de- 
partui«uc  .if  r  lit:'  >iiis«iuu  liunng  ih«  year.  The  report  for  1889  has  been 
pablUbtnL  :uid  thfr*^»rtiorl>9«hasl>eeiipot  in  type.  The  mannHcript 
of  the  report  for  IS91  inis  ^nt  rt»  the  PabUc  Printer  and  is  now  going 
cbruutch  cUepn««*i,  \'..|.  siu  i>f  rhe  "Prowetlings"  of  theKatiOD^Mo. 
M>um  Uiici  b«Hi  pubiiabed.  •  ►t"  tbe -- BuDetin."  Sos.  .(9  (PartsAtoG), 
It  (uul  ^  liuvc  beeii  Lamed. 

The  I'nH-eeitiinr^  .ititi  Bidlerins  .if  tlus  yitn<Hial  Masenm  are  not  ''pnb- 
lie  diH'umeiic^>'*  lieiK-e  iio  ;iart  .it  the  etiiriim  is  regolarly  apportioned 
fiir  diiitribiittou  liy  'he  :?eiiate  ;ui«i  Boose,  or  t«  the  legal  depositorif«, 
't'h»  iHlitiuii  iH  .>,Utn»  .-«>pi«-i.  now  priiireiL  is  ooly  mffii'ient  to  supply  in 
tliiiiltHl  rrie<»»im'  riu-  \ihv  ur^enr  retiitest*  tiinn  public  libraries,  ednca- 
tumid  ms(ttuiii'ii^.,iiid  >*!t-ufiiif  uivetsdirators in  the  Tnitei) States aiu] 
lliniiUiliout  the  «T>>i'i>i.  A.  'ar^T  a(>i>rupriatiuu  for  printing  is  needed, 
HM  ;i»  to  *'in»l.>U-  t  lie  Hit?*'mu  Tti  iiiaee  ^  tiiU  :*erie«  of  its  publications  in 
iv|i)t'Hoiiiii(iM'  lil'ntiit*.-*  :q  lUlilenMic  part*  »f  each  State.  It  is  not  the 
ii(U<titiou  ili.ii  tlu'  .uiiiiiui  'lumber  lit  ix^es  of  the  Proceedings  andBnl- 
li'liiiH  xiuiiUil  Ik<  nuiwiMtl.  but  rbat  n  lar^rer  tslition  of  each  should  be 
l>tiiiU>il.  v>ii  ;)t>-otiiii  <ii  :lie  ^waH  <nlitiori.  the  Xuseam  fails  to  receire 
lit  tiM<hitiij;i<  I  bo  Naluitble  i>iii>(ii*;itiiiusot'inauy  si-ientifit  institntions. 

rh«>  .iiiii'Kiiu  tiiilu'iMi  .i|>|iri> [incited,  chiiii^rh  expended  with  strict 
i>i>*>niiiii>,  tiiiNv  iKH'it  foiiiiii  'ii;i«lii|ttute. 

\  -^itui-.  I'ho  io(;d  :iiuub»ri>i  rtsifur-  to  Che  Siuitbsonian  building 
•  I'll  Mill  ni<>  ii.iM  >tMr  n:t»  t!  U-^tr.  .Liid  ro  tlie  Museoni  :i69,82o;  total, 
lMi,iif .     rill".  !■%  .Ill  iiuivjt;*-  -n  ILt^S  .'ver  the  previous  year. 

/(•iiiiitu  -'*'i  I'ljxi. '(*•/.  r'u'  laiiivr  part  of  this  appropriation  is  ex- 
IH'iiiIihI  lor  Mi.-l  ,iM.t  i.i.^^  V*  ha.-  '>een  e\pluiae«)  in  connection  with 
ihoiwiitiiiitt't  ii'i  |iii'^'v.iis.  i.'«r!k  :t  i*  oeeessary  for  the  safet>-  of  tlie 
••iilh^i'tioii  tliiii  ih>'  liiiihiui^-'  simuld  '>e  kt'pt  M  *  nearly  even  tempera 
tiiii' liiiv   iiiii  iii:;lii   I  ln'.oj;iii'iii    tin- wTiitec.     The  reduction  of  this  ap- 

[>i'iiiMiiii  tit'liiit  I  III Ml  III  II  III  .'1  -^1  J.iHHt  wtll  oLake  a  deficiency  estimate 

iietf^tHiii'v.  l''i-<>ti)  tii>'(v  oi  tut'i,  '-eijiunHt  to  mattiCain  the [HY>per  teinper- 
iKiirn,  •i.ni>>  I't  Mm  .uttivft  ^i.ul  in  in-  .li'au.toiied  on  several  occasions 
iliiniiij  Mi>>  wMiiiM  oi'  !-<:■';.  I'lu-  toii^ir  the  healing  apparatns  is  osed 
HiiiKii  II  IitiMitu'H,  .itiii  III  ia!c  it  has  been  necessary  each 
>i-Lir  lu  o\t>.-iitt  .1  l.if^ei-  sirii  ti>r  replacing  worn-out  parts. 
>>t'  tlm  hiir^I.ir  .iliir'ii.s,  m:i;i liutoa'^  call  boxes,  and  other 
il'l'iiiiiiii-.,  Ii.m-  ibivrt.iri;i.l  fivm  lottj:  nse,  and  neetl  imme- 
itiiMi. 

e  at  (treseiit  ui  u^-  tn  ttie  Htseotu  building  twenty -five  arc 
I  this  numWr  i*  ».-c  stu*;,  ..■nc  t.'  uliitutnate  the  entire  buihl- 
being  mi  li>:hts  lu  tin- co«rcs  ^ud  an  iii^jffieient  number  in 
It  is  thoHj:hi  tb.it  w-rli  an  .KMuioual  I'laiit.  costing  about 
?  building  may  Iv  s»'  I  iiticid  tb.n  tt  ran  be  thrown  open 
y  to  the  piiblii'  at  iii^lu,  ci>  the  .uhaiua^e  of  those  iiersons 
able  to  avail  themselves  of  the  rei:\»lar  hoars  of  exhibition. 
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Tlie  purchase  of  an  additioiml  L-iigijie  will  also  reiidor  it  possible  io 
[mjvjde  against  tlid  eontingpiicy  of  total  darkness  in  case  of  damage 
to  dynamo,  line,  or  motor. 

By  the  appropriation  of  |5,000  for  the  removal  of  decayed  woodeo 
floors,  and  the  substituting  of  granolithic  or  artlflcial  stone  pavement 
therefor,  it  has  been  possible  to  complete  a  much  needed  improvement 
ill  several  of  the  halls  and  coarts  of  the  Museam. 

With  a  view  of  securing  the  best  pavement  possible,  as  well  as  for 
the  pnriKtse  of  obtaining  for  fhtnre  guidance  a  practical  knowledge  of 
the  merits  of  the  artificial  stone  flooring  made  by  different  bidders, 
three  proposals  which  did  not  vary  materially  in  amount,  were  accepted. 
It  viU  requii-e  a  greater  length  of  time  than  has  yet  elapsed  to  pro- 
noance  open  the  relative  merits  of  these  pavements,  bat  they  have 
already  proved  themselves  far  more  satisfoctoiy  than  the  wooden  floors 
forvhich  they  were  substituted,  and  it  is  hoped  that  it  will  soon  be 
possible  to  put  down  the  same,  or  some  equally  durable  form  of  pave- 
ment^ in  the  parte  of  the  museum  which  still  lack  this  improvement. 

The  World's  Columbian  Exposition. — The  work  of  preparing  an  ex- 
hibit fur  the  World's  Fair  in  Chicago  has  been  continneil  during  the 
fear.  A  full  report  of  the  participation  of  the  Smithsonian  Institution 
aod  the  National  Museum  in  this  exhibition  will  be  deferred  UDti)  such 
time  as  a  complete  statement  can  be  made. 

BUREAU  OF  ETHNOLOGY. 

Gthnologicsl  researches  among  the  North  American  Indians  have 
be«n  continued  by  the  Smithsonian  Institution,  in  compliance  with 
acta  of  Congress,  during  the  year  180I-'92,  under  the  direction  of  MaJ. 
I W.  Powell,  who  is  also  Director  of  the  U.  S.  Geological  Survey. 

The  work  of  the  Bureau  of  Ethnology  during  the  year  baa  been  con- 
ducted  on  the  same  systematic  plan  before  explained  as  in  successful 
opwation.  The  authors  of  the  publications  of  the  Bureau  prepare 
them  fjTjm  material  personally  gathered  by  themselves  in  the  field, 
irhich  is  supplemented  by  study  of  all  the  information  attainable  from 
other  soorces. 

In  addition  to  the  issue  during  the  year  of  the  Seventh  Animal  Re- 
port and  of  six  other  volumes  of  publications,  mentioned  under  that 
heading  in  the  report  of  the  Director  hereunto  appended,  at  the  close 
of  the  fiscal  year  the  Eighth  and  Ninth  Anunal  Eeporb*  were  in  tyi>e, 
the  tenth  had  been  delivered  to  the  Public  Printer,  and  the  eleventh 
and  twelfth  were  on  file  ready  for  delivery  to  that  official  as  soon  as 
there  should  be  any  prospect  that  their  printing  could  be  commen<red. 
Other  reports  and  papers  not  intended  to  form  parts  of  the  series  of 
umiia)  reports  were  also  filed  as  ready  for  printing. 

Another  feature  of  the  year's  work  consisted  in  the  collection  by 
officers  of  the  Bureau,  under  the  authority  of  law,  of  ethnologic  objects 
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their  visfaes  for  entertain  tnent  in  return  for  the  outlay  which  £kll» 
upon  them  can  not  be  questioned,  aud  so  far  a.<<  t)ii»  could  be  recog- 
nized it  introduced  a  tendency  to  pn>vide  an  establishment  more  like 
an  ordinary  zoological  garden,  or  itermancnt  menagerie,  than  the  com- 
paratively inexpensive  bchenie  at  first  couteniidat^. 

In  view  of  the  circumstances  kn  appropriation  was  asked  of  Con- 
gress, which  was  believed  to  be  smaller  than  was  consistent  with  the 
lirogter  altimate  development  of  the  park,  but  on  an  estimate  which 
proiK>aetl  to  begin  on  tlie  most  economical  scale.  Thus,  for  the  general 
maintenance  of  the  collection,  $35,000  was  asked,  which  is  about  the 
game  as  the  annual  sum  spent  in  the  Central  Park  menagerie,  New 
Yorli,  having  an  area  of  about  10  acres,  and  atleast  $10,000  leas  than  is 
«pent  either  at  the  zoological  garden  in  Cincinnati  or  Philadelphia,  eai-h 
faaWijg  an  area  of  about  40  acres.  When  it  is  reflected  that  these 
\atter  enterprises  are  conducted  for  business  purposes  by  business  men, 
that  they  have  their  collections  already  nearly  complete  and  purchase 
bat  few  new  animals,  it  will  be  seen  that  the  sum  asked  for  tlie  niain- 
tuuiuce  of  the  67  acres  of  the  National  Zoological  I'aik  with  all  the 
avpensive  animals  yet  to  be  procured  was  certainly  not  extravagant. 
Cfliigress  reduced  this  estimate  to  817,500,  a  sum  for  which  as  a  year's 
fjperience  has  now  shown  the  Park  <-aii  not  be  maintained. 

For  buildings,  au  appropriation  of  $:t4!,850  was  asked.  In  this  con- 
nection it  may  be  rccallcnl  that  in  the  Philadelphia  gardens  the  build- 
togs  and  ioclosnres  cost  $lfl'i, 70a.  The  sum  estimated  was  intended  to  ^ 
cover  all  iuclosures  and  structures  of  every  character  indispensable  on' 
tbe  modest  licale  pro{)osed.    Congress  reduced  this  to  $18,000. 

The  average  exjieuse  of  preparing  such  uncultivated  grounds  in  city 
parks  elsewhere  has  proved  to  be  at  least  $2,000  per  acre.  The  sum  of 
129,500  was  aske^l  for  that  jtur^wse,  as  no  more  than  sufficient  to  fit 
snch  i>ortiou8  of  the  park  as  were  necessary  for  the  immediate  accom- 
modation of  the  public.    Congress  reduceil  this  to  $15,(K)0. 

These  reductions  have  not  only  obliged  me  to  retard  the  development 
on  the  lines  that  had  been  laid  down,  but  have  increased  the  ultimate 
at8l;  for  where  living  creatures  are  in  question  it  is  plain  that  they 
liare  not  only  to  be  ted  and  guarded  but  to  be  housed ;  and  all  this  at 
once,  under  penalty  of  their  loss.  Coitgress  has  jtlainly  intende«l  that 
tliey  should  be  preserved,  and  that  some  sort  of  roads  and  access  for 
tie  pablic  sliould  be  provided  this  year. 

The  result  has  necessarily  been,  that  with  every  effort  to  obtain  i>er- 
manent  results  there  has  been  a  partial  expenditure  of  the  absolutely 
insufficient  gi'ant  on  enforced  expedients  of  a  temporary  character, 
rticli  are  not  in  the  interest  of  economy. 

It  is  extremely  d&sirable  that  a  sum  for  emergencies  be  secured  in  the 
next  appropriation.  In  carrying  forward,  tVom  the  beginning,  novel 
and  untried  work  of  such  varied  character,  unforeseen  dijlicnlties  must 
inevitably  arise,  but  no  provision  has  been  made  for  these,  nor  even  for 
E<i*:1i  readily  anticipated  eniergeu<'ies  as  arc;  caused,  for  instance,  by 
floods  in  grounds  traversed  by  a  streinn  wliicli  has  been  known  to  rise 
^feetin  less  than  half  an  hour. 

Tlie  difficulties  which  these  onditions  have  imposed  on  the  admin- 
i»^tion  of  the  park  may  be  fairly  called  extreme,  and  the  amount  and 
tharacter  of  what  has  been  effected  must  be  considered  in  this  con- 
neetioii.  In  spite  of  these  the  result,  I  think,  may  be.  said  t^)  be,  that 
U  least  as  a  source  of  intei-eat  and  amusement  to  the  people  the  park 
W  exceeded  the  most  sanguine  expectations." 
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\  WW  \\\\\\\-y  lit  llti<  ili-eMi«l  «(iM«y(MV«ri/.n  w^^i.^  >rlf  a  Datnnr  tkM  t«U 
ti'  ill  lit!  W  ti'ilMii'il  iiiK'Viiiir  mid  iiiiwlK  Kunai  later:  tbeothertfabd  :ki: 
ii  I  ii>  it  xi  luinH  iDiiliiiiU  and  riiiiiiitenance,.as  ]>aintul  cxperiefKc- W 

>.   till   Ill  v.x   !««<  Hiitlcvliilly  I'ciliu^tMl  himI  troald  not  be  nuwlr  eowl 

I  >i>  I  .  .>.>.!  .1  . .  ii>,'  tt.iU'iviii'.v  oil  tliis  item  tbat  hiis  been  tlie  siMni 
'  ".  >     i  .1..  ,t..i.,  iiiinv  ,.i  i)to  iitliiuiuslrutmii. 

'  '     -  .       ■        "     '  •'  ..r'  .'■..>.     KiMl)aiTaM)iti«iit  also  aro!ie  fnw  tbt 

'"' '  "' '>  '!■ 1 1   HM't"i'l>i'i»t«'<l  was  .■!i)ecifiedand  allottwl  m 

ill  I  iLi..    .,i....,i,   ,,,: 1,1  AM-luMilsHiuliutlirt'enearlyeqiialaiiKHiiits. 

.iliii.iii^ii  ii..  11. ..i.  «,i.>,,.,  .>;!!. i!.  As  the  InuiikIs  of  these  allotnirats 
(I'ulil  iiui  l.f.  ii\,  I  .1. 1  [., ,1  ,1  .s.iiiuxt  ilutt,  wliilv  there  were  relativ«lT 
.-mill  II' 111  Uiiiili  uii.i.  I  ,.in  ,1, ,,.  ,!„.  .,tivi«Vnmii(ls).  there  was  entire  in- 
inli.jiiiu  \  uiiili'i  ilii  iiiii,  I,  III,,,,  .imiumI  luad  which  pntrided  fortfar 
iii.iliili'i<uiirv  iiiiili..n..ilniii.;  , ,1,111  i!s,  N,.  »i;iiterbow^rrwit  theemer 
K,M...>  ...  M.ii....«il..,  .i,,.l.  .1  «.„...,  ,..u.M-.  .„i,KV^MbIe  toehangetliii 
ull..Ummt  .u»l«l.,U,.lu-lUal.M.|,,..,.n....-,n,vi...sre^u.ight.byck« 
,M-.m.,m.v,  h«v.,  Um->.  M.aUi,-,...  je.  tl»-r*-  «..  .|,,„„.,  .^at  tbe  a..imk 
would  Ih-  iiiitcl  ami  that  llie  tone  of  wat*l,meo  ami  k^-iiers.  altbonfb 
ov«rwoikwi,woahlh«i.,a-leq.uit<rti,rtb..iri.ro|M;ri,rote.-tioi,-»adasthw 
.-xiKted  im  authority  t«  give  away  or  «.n  the  a,.iu.aK  disai-T^  «f  ««if 
kind  would  have^iiHU.-.!  but  for  the  aid  innirertiv  jdveu  bv  the  Smith 
wiiiiuu  iDKtitritioir. 

ii.-iitio»wi  il.at  it  waH  esi^eted  that  a  h*ree  number 
lK=  «(.(ain«l  fntm  the  Yellowstone  Xatiooal  Part, 
ieif-al  Kreat  ,,re.s..rve  for  wild  Kanie  controlled  by  the 
e  r;mted  Htaten.  With  the  eousent  of  the  honor 
i  of  the  Interior,  a  h.n.ter  was  employed  to  captun; 
IH  ill  ...imiderable  numlH-rK,  which  were  to  be  for 
k  at  WaKluogton.  When  a  number  of  bears,  deer, 
'blalnwl,  the  redii^d  appropriations  wereinsnfficient 
^loyment  or  tx.  tra«fli«„-t  the  animals  already  captured. 
Jible  eonm.quei,ee  w.w  tlie  necessity  of  reftismg  abs* 
o  by  tl.e  p,iblic.a«  there  were  no  means  of  paving  for 
.taniinalMor  for  tbeirNub«i«tencewheu received  This 
dimidvuntaae  to  the  collection,  not  only  at  present, 


bvCkio;.^ 
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biita8  regards  its  fiiture,  for  it  need  hardly  be  said  that  it  has  dia- 
coDraged  and  rebuffed  iiiauy  public- spirited  citizens  who  would  have 
been  glad  to  preseut  animals  to  the  paik,  and  who  will  now  cease  to 
have  any  fiirther  interest  in  the  enterprise. 

Dangers  by/rethet. — On  tlie  5th  of  September,  1891,  a  freshet  of  un- 
usual violence  invaded  the  valley  of  Hock  Creek.  Such  was  the  rapid- 
ity of  the  increase  of  wat«r  that  in  less  than  half  an  hour  the  little 
stream  had  risen  6  feet  and  had  become  a  torrent  of  considerable  mag- 
nitude aud  jwwer.  The  piers  for  the  bridge  had  jnst  been  completed, 
bat  the  banks  above  and  below  were  not  yet  i)rotected  from  the  abra- 
sion of  a  flood.  In  consequence  of  this  the  water  formed  an  eddy 
near  one  of  the  piers,  causing  it  to  break,  and  cracked  one  of  the  abut- 
ments. It  is  tielieved  that  this  unfortunate  accident  was  not  due  to  any 
defect  in  the  design  of  the  pier  (which  was constmcted  under  the  com- 
petent supervision  of  the  late  tlen.  Meigs),  bat  rather  to  the  fact  that 
the  freshet  occurred  before  theneighboriug  banks  were  properly  pre- 
pared. 

The  damage  to  the  pier  was  by  no  means  the  total  extent  of  that 
caused  by  the  flood.  The  bear-yards,  then  nearly  completed  and  ready 
for  occupation,  were  very  seriously  injured  by  the  precipitation  into 
ibem  of  many  tons  of  rock  and  earth.  This  made  it  evident  that  the 
bank  of  earth  and  decomposed  rock  on  the  cliff  above  the  yards  could 
not  be  depended  on  without  some  additional  safeguard.  The  heavy 
tall  of  water  seriously  injured  and  cut  away  the  new  roa<ls,  gutters, 
aud  drains  that  were  yet  fresh  and  unsettled,  removed  whole  banks  of 
earth  from  fresh  slopes  and  washed  out  trees  and  bushes.  The  creek 
changed  the  level  of  its  banks,  cutting  out  a  new  channel  for  itself  in 
several  places,  and  covertwi  the  Nlopes  with  hundreds  of  tons  of  gravel 
wi  Band,  and  occasionally  even  deposited  considerable  stones,  which 
wvK  Ufted  by  the  rushing  water  and  left  upon  the  grass  as  a  striking 
eridence  of  the  violence  of  the  flood.  Immediate  steps  were  commenced 
to  repair  the  damage,  but  this  work  was  not  completed  within  the  fiscal 
year  on  account  of  the  insufficiency  of  the  appropriation. 

The  bear-yards  are  in  an  abandoned  quarry,  adjoining  a  precipice 
*ho3e  summit  is  upon  the  extreme  boundary  line  of  the  park.  For  this 
teason  no  permanent  protection  can  be  provided  until  the  Government 
Inures  the  few  contiguous  roods  needed  atthetop.  With  this  the  sum- 
mit of  the  precipice,  formed  of  the  original  rock,  would  constitute  the 
cbeapand  natural  barrier.  For  protection  under  the  actual,  existing 
conditions,  theonlymejisure  (anditisbothiDcompleteand expensive)  is 
tobnild  a  retaining  wall  reaching  from  the  solid  rock  of  the  cliff  high 
enongh  to  hold  any  detritus  that  might  be  displaced  by  the  action  of 
rain  or  frost.*  This  has  been  commenced,  but  left  incompleted  owing 
(o  lack  of  funds. 

'See  illiistratioD,  Plate  II,  page  41. 

D.D.t.zea  by  Google 
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XitiE.— The  Bbore  lUbiUHM  wan  Iscnrrei)  ander  tbe  aDnpoiiltioD  that  thi 
l<n-u«rly  be  vlivgad  Against  othar  itetna  of  thla  >pprapmtiaD.  The  Firs 
uvllirr  fsof  the  oplnloD  tlut  Ibey  shnotd  twDhirged  agalnatthla  item. 

1  rvimbiirae  the  BmithBonian  fund  for  Msumiug  tbe  uxpenseB  ol'  I 
anil  materials  for  lepairs  urgeutly  neceiMsiy  for  the  preaervatiou  of 
■    I,  inclmlmg  the  followi 
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.VafJoHol  ZoSiogieat  Park:  MaiKteKancr,  «lc.— Coutiuned. 
N(nv.-Tlii>aiimlDclu<lea: 

caiuaorihe^rwtiiieaEnrvixitani.  is  lueu,  IBilavaiiacb,  at  ta^-. . .  (OtH.OO 
TnuiapDrtationof  •peciruens  alteadj  otftred  to  BiMf  J>nrchaiied  hjtiiu 

rrom'rellawatoiHvPark 3fiO,on 

From  Santli  AiueHca 500,00 

Froui  Aiialnlia -...      600, OO 

(JaieaDdnuintenaiicaoftlw  abovo nBlIDals 000,00 

Care  and  maJuteDUce  of  tfan  clepbanU  pRSCDlMl  amllL-Dt  lolbepark.  I,aoo,00 
S'alifii»l  Zoological  Park:  Organitation,  inprovnuent,  vtaiHttttaner — 

FuT  repaira  to  tbe  Holt  maiiBion  to  make  the  shiuo  BiiittMe  fur  occii- 
[iiuicy,  aud  fur  office  fiiniiture : 

To  pa;  Devereux  Si,  Gaghau,  pliirobiiiK  anil  gnn  Htting 4320.17 

To  pay  Julins  LnoBbiirgh,  i^haire 14.00 

ru)>ay  Barber  &.  Ross,  grate* 46.00 

To  pay  George  Breitharth,  chairs 26.75 

To i>ay  A.  EWrly's  Sons,  stoves 20. 35 

Total $426.57 

—The  Bbore  liabillHei  war*  Iscnrrei)  ander  tb 

'  be  vliargad  against  othar  itetna  of  thlaapp...... 

f  of  the  opinion  that  Ibsy  abnotd  b«Dbarg«d  agalnai 

Tu  rpimbiirse  the  Bmithsonian  fund  for  assumiug  the  uxpenseB  of  labor 
anil  materials  for  K      ■-----.....  -     ..  .-         . 

Uio  Holt  maiuioD,  i 

C.  Bnrlew,  concreting  and  pitching $60.48 

Belt  &  Dyer,  doors  and  moldings 37. 11 

H.  C.  Monnie,  lathing  and  plastering 173.64 

C.  W.  Danes,  carpentry 24.00 

W.  O.  Strieker,  carpentry 33.00 

Church  A.  Steubenson,  Inmber 116.22 

O.  L.  Wolfstemer  4,  Co.,  skylight 55.00 

Total $499.45 

KoTE.—Tbe  MiHinnt  approurialed  by  Congrena  for  reuln  to  tbe  Halt  niHnnlnn 
van  eicivniled  before  the  nwf  vae  coTered  In,  imd  upon  the  deciaiun  uf  IbeCurap- 
indler  ibat  it  conld  not  be  covered  in  fnini  f  lie  item  for  "oipenditiirm  not  olher 
KiwtPra^lUed  ror."  tbe  Svilbaonlaii  InnUluilgii  sdvMOciKl  Ibia  sum  ryoni  ile 
priratc  fuuda  to  prevent  the  'leairurtion  by  tiie  wealiier  of  what  had  already 

['oFrnrr«Dt  exp^nscB — 
Tu  |iay  Melville  Lindsay  for  rnbbur  biiote  furnished  to  eniployi^s  en- 
tn>ged  to  work  in  wnter  in  tliu  Natiiitiiil  Zoological  Park 38. IN) 

iwi.ua 

NoTX,-Tbe8eho»latriToiHiied  tothonipiiniioliiiinniliiit  ui'il  Uitrnfruni  Ibiiii 
J>(  uiiclit,  being  Kiini  only  wliilo  on  duty,  flin  Flral  L-uoiptnillsr  bulda  tliat  tliu 
Hini  can  not  [H«|ierly  be  paid  wittluul  B|ieciiil  leg^latiun. 

(All  being  for  the  service  of  tbe  Bscal  year  1891.) 

The  following  deJicieiicy  appropriiitioii  wim  niiiile  liy  CougroNs  under 
dale  of  Jtaicli  8,  1892 : 

For  care  aud  snbsiatence  of  Hiuinals  far  the  Xatioiial  Zoological  Park, 
fincal  year  eighteen  liiiiidred  and  ninety-two,  one  tboiisaud  dollars,  one- 
luUfof  wbicli  »uia  »liaU  be  psiid  from  tbe  reveuuea  of  the  Djgtrict  of 
Culiiinbia  and  the  other  half  fmin  the  TreoHury  of  tbe  United  States. 

Damages  occamoned  by  the  unAue  reduction  of  force. — Ak  the  Heusoii 
iulvance<l  and  no  additional  a]ipro{iriatioii  was  nia<le^  by  OiiigreiW,  it 
Iwanit!  necessary  to  nnLuce  the  exiM-nsea  of  the  imik  .still  further.  Tbi.s 
*u  done  by  stopping  all  woik  upon  the  buildings  imd  gronndH,  and 
filiicing  the  force  (ill  one  watvbuiau  only  eonkl  be  on  dnty  at  n  time, 

BL  Mrs.  114 a  /-  i 
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OR  the  Did  and  8iii>ervmion  of  unpaid  nataralists.   This  can  not  be  reck- 

Ked  u]M>ii  for  the  future,  but  lias  been  Haiictioned  by  the  Regents  as  a 
tans  to  meet  the  exigency  uutil  the  need  of  a  larger  appropriation  can 
M  represented  to  Congress,  and  in  the  meantime  the  working  force  has 
leen  roduced  to  an  extreme  degree,  the  polieiug,  tor  instance,  being  now 
lone  by  one  watt-limau,  aided  by  two  employes  who  are  largely  engaged 
ritli  other  duties;  and  these  three  men  are  reqnired  to  maintain  order 
Ner  an  area  of  1G7  acres,  visited  during  each  day  by  thousands  of  people. 
Phese  details  are  mentioned  iu  conneetiou  with  the  fact  that(unles8  some 
mall  purchases  of  animals  made  at  the  outset  be  excepted)  it  is  under 
ike  stringencies  of  economy  in  every  braneli  of  the  administration  that 
be  expenses  have  already  amounted,  as  shown  above,  to  more  than 
dJ.000  in  six  months. 
I  can  not  too  emphatically  represent  the  peculiar  difficulties  that  must 
Irifie  in  administering  an  insufficient  appropriation  for  the  care  of  liv- 
pg  wild  animals,  unable  to  care  for  themselves  where  they  are,  if  no 
{nrisiou  liaH  been  made  by  Congress  for  disposing  of  them  elsewhere. 
Ill  view  of  increased  expenses  since  the  estimates  were  prepared,  due 
(irectly  to  the  unexpectedly  great  popular  interest  manifested  in  the 
park,  and  to  the  extraordinary  increase  of  visitors,  [  now  feel  com- 
mIImI  to  either  increase  the  estimate  for  maintenance  to  (30,000,  to 
-cover  farther  continirencies,  or  to  ask  that  the  total  appropriation 
nqueNted  for  the  park  be  made  in  such  form  as  to  allow  a  certain  dis- 
cretionary power  to  meet  them.     If  under  the  circumstiiuceB  stated,  the 
patter  would,  in  your  judgment,  be  the  more  advisable  course,  I  would 
pespectlally  ask  that  you  recommend  to  Congress  that  the  three  items  of 
limprovements  (*aO,000),  buildings  {$27,000),  and  maintenance  ($20,000) 
=lw  appropriated  in  one  sum  of  f  73,000,  as  follows: 
'  Salianal  Zoologieal  Park,  Smilktonian  Inttitulion : 

i'nntiiiDiDg  tti«  construction  of  roadn,  walks,  bri<licea,  wutersupply,  sewerage,  aud 
dnisagc.  Had  for  i^rading,  planting,  nnd  othiTwisc  improving  the  groundii.  ereotiDg, 
anA repairing  liiillttingx  and  iiidoHiiruH  l'»i'  nnicuals  uiiil  for  MiMinistrutivo  piiniusee, 
me. aniisistcnce,  aDil  traDsportiitioii  of  aninialHnndfor  tlicpiircbase  or  oxchnDgeof 
ma  not  oCbeTwise  olitaiuubie,  including  nalarirH  oi-  compel laat ion  of  nil  ni^ces- 
iploy^,  and  general  incidental  expeiiH«a  not  otburwise  ]>rovidud  fur,  $73,000. 

I  have  the  honor  to  be.  very  resiiectfiilly,  yours, 

8. 1'.  Lakoley, 

Secretar)/. 
TheSECEKTABY  OP  THE  TkEASURY, 

Waghinifton,  IK  <J. 

Notwithstanding  this  urgent  appeal,  it  was  iouiid,  when  the  sundry 
ci^il  appropriation  bill  was  reported  to  the  House,  that  but  $29,000 
*as  recommeuditd  U>  be  appntpnatt-d  for  the  National  Zoological  Park. 
Tbb*  was  divided  into  the  following  heads : 

1ni|>rc>v<-Di<'iitH m,i**i 

Itiiildiiigs m.OIXI 

Mainti-iiHiK-u 10, 001) 

Thit  matter  se^^ined  t^i  me  so  urgent  and  serious  as  to  demand  tlie 
immediate  attention  of  tlie  Regents.  I  tlierefore  called  a  s|)ecial  meet- 
inj;  of  the  Board  and  laid  tlie  matter  before  tliem.  The  result  of  that 
meeting  will  lie  seen  in  the  following  letter  addressed  to  the  President 
uf  the  United  States  Senate. 


bvGtIOgIc 


D.D.t.zea  by  Google 


RKI'llRT   nF   THE   SECKKTARV.  39 

Dill  iiirlnaiirpM  fnr  iiuiuiulit,  itml  Inr  lulmiiiistnilivu  |iur]HMH>H,  raru.  Hiilwist<'Ui  >-,  :iiiil 
lrans|iarttltian  of  »niitialH.  auil  lor  tlio  piirrhnse  nr  exnlioiiire  of  Hiifoitlinns  rot  othnr- 
■  i-j'o^rjiilialiU',  ttirliiilitift  HalDrii'Nor  i-oiu|ii-iiHat  iim  iif  nlluwt'wiiry  i'lii|iIo,vi*it,  uuil 
j^ihtjI  JQcidtintJit  ei|i«iii«w  not  othrririsp  ^irovidi'il  for,  973.()0«l," 
1  have  thi?  liriiHir  to  he.  vni-y  reHprctlullv.  yoiirn, 


iraihingltiH,  I),  i; 

The  Oomrnitt«e  on  Appropiiiitiuim  iif  tlie  United  States  Senate  (iDiilly 
rMituimeiided  tliat  tliu  sum  allowed  by  the  House  for  tbe  Park  bo  raised 
t<ift3,000,  and  tbat  the  amoiint  be  appnipriated  in  oueitem,  tiiat  is  to 
*i\y,  Titliout  itssigning  special  sums  to  sjiecial  subonlinate  hmutn. 

In  the  conferync'o  committee  upini  the  Kiiiidry  eivil  bill  thw  anioiiiit 
rcmmineiHled  by  tbe  Senate  was  retlnced  to  $50,000,  but  the  Giubarra^s- 
imotorspeeial  8iiblicads  of  appro  pri  at  ion  wha  ritmnved.  The  bill  wa» 
finely  passeil*  in  tbe  following  terms. 

Xatinnal  iioiJiofrieal  Park :  For  mntinning  tlie  eonstntctton  of  ron<U- 
vg]k8, bridges,  water  supply,  sewerage,  and  (b-ainagc;  and  lor  grading, 
jihiDting,  and  otherwise  improving  tbe  gronuds;  erecting  and  repair, 
inj;  liuildings  and  iiii'losnres  for  animals;  and  for  administrative  pur- 
I'lAett,  utre,  subsistence,  and  transport-atioii  of  animals,  iiielnding  sala- 
rit^  or  compensation  of  all  nereHsary  employes,  and  genemi  incidental 
eipennes  not  otberwise  provided  for,  fifty  tlionsand  dollars,  ouelialf  (rt" 
Thich  8«m  shall  be  paid  from  the  revenues  of  the  Distriet  of  Colombia 
and  tbe  other  half  from  tlie  Treasury  of  the  United  States;  and  a  re- 
p»it  ill  detail  of  the  expenses  on  account  of  the  National  Zoological 
Park  ehall  l>e  made  to  (.'ongress  at  the  lieginning  of  eaeb  regular  ses- 
aiou. 

Wtrl  already  done. — Sot  withstanding  a  compulsory  waste  of  means 
ramed  by  the  fact  that  insufficient  a]>propriations  made  it  necessary 
toitotwtain  urgent  work  provisionally  and  imi>erf€Ctly,  it  is  believed 
Uutremilts  have  been  att^iined  at  a  smaller  expense  tban  is  usual  in 
c^blishments  of  tbe  Kame  nature  elsewhere.  Tbe  following  table 
<liow3  the  cost  of  tbe  prini:ipal  works  projected  up  to  June  .'SO,  1892, 

iu  elnddation  of  these  Htateinent.s,  tho  plans  and  drawings  of  a 
imrtbii  of  the  work  given  (on  a  necessarily  small  seale  in  the  text)  may 
liereferred  t.<i  (see  Plates  n.  Hi,  iv  and  v.) 

I'>rad»(«tltIiiieompWt<<) $1,945.00 

Bur yardH  RHil  ntnne  retaining  wkII  above  tliem  (Plate  II} I,.')01.00 

W»tnauiip:y 4,490.00 

^engeami  (lraiiiaf{o 2,694.45 

Knda  iiid  walks 13, 995. 00 

firidneorcr  Rook  Orneb,  including  repairs 8,186.00 

CnltivntinK,  grading,  planting  etc 3,350.00 

^nicfd of  enjiineers  and  landxcape  nrchit<K!t« 1, 08W.  30 

'Owing  to  the  lonj;  Rpflsion  of  CongrnMH  tbu  liill  dlil  not  become  a  Law  until  August 
^■ISK.  Althoiinh  till- Ni-ope  of  thiH  report  in  conflmil  to  the  Rueni  year  ending  Jnne 
1^I892,  itKeemxdi-Hirable  tocnnclu<le  liei'e  tlio  liiiilorv  of  thiaHPflHinn'ioiHiratiDn. 

""'■'•-■  o,„„,Googlc 
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SuiTHSONiAN  Institution, 

Waakington,  April  2, 1893. 

$!X  :  In  arcordauce  with  the  instruction  of  the  Regeuts  oftheSmith- 
4»Diiut  lactation,  I  have  the  honor  to  tranamit  a  resolution  passed  by 
tiufls  •>«  tbe  29th  of  March,  1892,  together  with  tlie  followiug  preliin- 
-jiiirj  jtalnneiit  of  the  considerations  on  which  it  is  based  : 

T^  Xational  Zoological  Park  was  placetl  under  the  Regents  of  tbe 
SrnihMDian  Institation  by  the  act  of  April  30, 1890,  to  be  administered 
•jj  them.  fir«t  "  for  the  advancement  of  science  "  and,  second,  "  for  the 
zx^^rvction  and  recreation  of  people. " 

Tlw  oece^sity  of  protecting  the  unexpectedly  large  crovd  of  people 
-hLii  have  been  attracted  to  the  Park  and  of  proviiSiig  fur  their  access 
-*>  :te  animals,  as  well  as  for  tbe  protection  of  the  latter,  has  made  it 
3jwn*'4J7  to  assign  to  tins  secondary  object  a  disproportionate  sbare  of 
rn^  9[>irr(^mat)nns,  and  it  seems  unavoidable  that  this  subordinate 
i^AT.rlrr  ftbnald  thus  claim  the  larger  portion  of  the  expenses,  as  long  as 
r.b^  c«Nk<;tion8  are  open  to  the  public,  as  in  ordinary  zoological  gardens. 

Th«  appropriations  for  the  fiscal  year  18!H-'92  were  made  under  three 
iMarL^:  Improvements  and  careof  gronnds,$15,0U0;  buildings, $18,000, 
»n't  jn^intenance,  $17,500,  these  amounts  being  alraut  one-half  those 
r;iu»i  WTTK  sat>mitted  to  Congress  as  ne<:essary  to  make  preliminary  pro- 
I  .^r^'i  UiT  the  secortty  and  accessibility  of  the  collections  and  to  ad- 
m.'..  'tfT  their  trust  with  safety  to  tbe  public. 

ThA  B«g«futs  recognized  tbe  impossibility  of  doing  this  with  sach 
jwan.*;  Imt.  considering  that  the  animals  were  already  in  the  Park,  in 
)  A-v  t4  thi4  public  safety,  and  regarding  the  act  as  mandatory  upon 
!nu>«t,  tbtry.  with  the  aid  of  a  balance,  economized,  iu  auticipatioD  from 
ra^  w.:ntial  appn>priatioii  made  for  the  organization  of  tbe  Park,  and 
«  'i^.er.^fmy  item  of  $1,000,  to  meet  urgent  needs,  have  endeavored  to 
z^.  ir-.-'^zh  ihe  year  until  relief  eoQld  be  had  from  Congress.  Indoing 
••.  r:a^  ttace  l>een  obliged  to  reduce  the  number  of  watehmen  and  em- 
',i.,-_.^*  i/f  \i^.  Park  iu  every  grade  till  the  public  safety  threatens  to  be 
*i.<!.tA;f>-T*:'l- while  yet  a  considerable  part  of  these  watchmen  have  been 
-.«.j^\  liti  Up  labor  continuously  throngh  Sundaj's  and  hohdays  ten  to 
■v^i^  h'>'ir«  a  day  withont  extra  compensation,  and  have  in  other  iv- 
n,mnA  U-it  irfrlJgMl  to  Carry  economy  to  a  degree  which  would  have  been 
1,1,  v.'r>%Ar>[«;.  exi^t  upon  compulsion  under  snch  circnmstances. 

't'.\^  winbl,  in  their  opinion,  have  been  unable  to  administer  the 
S-*f%  rjr  rii^  trttr^.  »f  thc  fiscal  year,  even  under  these  conditions,  had 
'ri#-/  M,f.,  m  vj«-w  of  the  emergency,  also  given  withont  charge  the 
«•,- .  »»<•  'A  (fRH-ialt  and  employes  paid  from  tbe  private  Smithsonian 
'.(.>.:  t  .*:  UA.i\l  KijM-iiditure  for  maintenance  during  the  current  year 
«»^  i.\i\'^  r(.*w;  wmditions,  be  expecte<l  to  be  $23,600.  These  facts 
V  ^..,  •--'.' *^««:t.f*;d  by  them  through  tbe  Secretary  of  tbe  Institntinn  in  a 
^^-.^^  -.^rjn^i  JaMjar>'  'J^i,  IH'.fJ,  to  the  Secretary  of  the  Treasury  {»  copy 
-,•'   »..».«  »r«t^[tdil<l)  and  by  him  transmitted  to  Congress. 

y  .••  'f^  •)*■>»  i'fr^ii-^Xi  the  followiug  estimates  were  sent  to  theTreas- 
,.,    i*^^4ii'.t!.^t:    ImpTOvemeutts    $_'y,000;   buddings,   $27,000,   and 

:.-.*■  t*i:.4ry  "-ivij  bill  (H.  K.  7520)  as  now  reported  to  the  HoufM* 
'  'V  •t^r^:.':*'.'^**,  ther<;  in  appropriated  fur  improvements  $9,000, 
■.^  ..  y:.;.^^  ^1(>.<'M.  and  for  mainten.-(nce.  $10,000:  in  all  $29,000.  If 
....  ;->-^<-,.'e  •,11/KfJderwi.  a«  they  must,  $3,000  as  inadequate  for  a  year's 
It,  Or-/-  ■,.»•;  hi  Lnviiiji  out  the  roads  and  frnuind,s  io  a  new  park  of  167 
■ ,.  -..f-,  ;^  »o'ild  noi  have  fi-It  t^oitiitelltsl  to  make  this  present  reit- 
itMitr..-  •^,i^:«;  Mich  improvements  may  await  the  m-tioaof  afnturu 
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Cougreee;  but,  iiikIit  tlic  a])pn>])riatioii  for  " builiUii^B,"  tliu  security 
of  tbe  miimals  muHt  b<>  iirovitlod  fur  without  delay,  while  ttiider  "niain- 
tenanre"  come  not  (>idy  tlieii*  food  aud  wai-iiitU,  but  tlie  protection  of 
tbe  public;  aud  that  in  tlie  case  of  animaln,  wbicli  are  hel])IeHH  to  provide 
fortheniHelveg  and  dangerous  if  uot  {taarded,  can  not  wait  futnre  action, 
has  been  a  pressing  cousideratiou  to  t)i<?m. 

TLo  BegentH  tliink  it  proper  t«  remark  that  tlie  roads  of  tlie  park  in 
tlie  Ticinity  of  tbe  cages  Iiave  been  crowded  witU  visiturR,  to  tlie  num- 
ber of  as  many  as  10,000  in  a  day,  before  there  v/an  time  to  uiake  any 
meoDs  for  the  penuauent  caro  of  the  animals,  or  provide  proiier  roadH 
tn  get  to  them,  even  had  the  means  for  these  been  appropriated,  and 
thai  there  is,  in  their  judgment,  every  reason  to  expect  during  the  com- 
ing snmmer  the  visit  of  still  larger  throngs,  (^omposed  not  only  of  adults, 
but  (if  children. 

The  Regents  feel  desirous  to  represent  that  they  can  not  be  held  re- 
iipuisible  for  the  imminent  danger  which  must  result,  under  the  conteni- 
pkteA  withdrawal  even  of  these  means  for  ]>rotection  which  ex|>ei'ieiice 
Itati  already  shown  to  bo  absolutely  insufficient.  They  would  also  ask 
attention  to  the  fact  that  small  as  the  appropriation  is,  it  is  in  several 
items,  aud  that  under  no  emergency  is  any  discretion  allowed  them  as 
t«  tbeir  relative  amounts,  although  the  whole  matter  of  exjieDditure  is 
here  for  a  novel  purpose,  on  which  only  experience  could  decide  the 
relative  exigency  of  each  part. 

If  Congress  intended  that  the  park  must  be  maintained  on  the  ap- 
propriation under  which  the  Regents  have  been  unable  to  administer  it 
tbe  last  year  (improvement,  $1.'J,W)0;  buildings,  $1S,000;  mainteinince, 
117,600),  they  deem  it  reasonable  to  bring  the  attention  of  Congress  to 
tiie  fact  that  a  discretion  might  properly  be  exercised  by  them  as  to  what 
[iroportion  they  should  applytotheimmiiteutnee<U  of  the  public  safety 
and  what  to  matters  of  less  urgency,  and  tliat  they  should  either  be 
allowed  to  expend  on  the  part  upon  which  the  safety  of  the  public  and 
the  existence  of  the  animals  especially  depends,  that  which  their  ex- 
IKtience  has  shown  to  be  indispensable,  or  that  they  should  be  relieved 
of  responsibility  for  the  consequences. 

Tliey  desire  to  add  in  further  explanation  that  they  do  uot  su]>pose 
lltat  with  the  total  appropriation  of  $50,000,  of  which  ^liBiOOO  is  for 
''maintenance"  (mentioned  in  the  resolution),  the  park  can  be  projtcrly 
cunducted,  aud  that  they  believe  this  sum  to  be  in  fact  inadequate  for 
mth  conduct,  their  intent  being  to  state  to  Congress  the  sum  bclon-, 
'liicU,  according  to  their  experieuce,  it  is  impossible  to  undertake  that 
tite  |)ark  shall  be  carried  on  another  year,  though  not  (Tcditably,  yet 
■itbout  most  probable  danger. 

The  resolutions  are  as  follows : 

March  29,  Itm. 

Stulrrd,  That  the  Board  of  Rj^nntii  of  tlio  SmithHOiiiaii  Tnatitntinn  wonld  roBpcct- 
[dHj  reureaent  to  CunKTuw  tbe  impossihilitf  ormaintaiDiiig  the  Uuitcit  Stat^J  Na- 
li'mal  Zoulogical  Park,  T^quired  1>y  the  art  of  Coairresn  of  April  M,  1890,  with  a 
l«"  total  appropriation  tbao  fSO.OOU,  of  whicli  at  leaat  $2t>,OflO  will  liu  ief|uiru(l  for 
uiDtenance, 

Icwlnd,  That  the  Secretarj  of  the  Inatitntinu  l>u  leijuirKtuil  to  ciiiiimnnicnt«  ttilH 
tmlMtioDlothel'reBideDt  ofthe  Senate  and  Speaker  of  the  HoLine,  nitli  a  prelimi- 
■■•T  HtntemeDt  of  the  reaaons  and  con  si  derations  on  which  it  U  haeod. 

I  have  the  honor  tobe,  sir,  with  great  respect,  your  obedient  servant, 

S.    P.    liANOLKY, 

8€cretaiy. 
Hon.  Levi  P.  Moeton. 

Pretident  of  the  Senate, 


a,Googk 
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Sir:    I  Uav.-  ili^  h.-ii..r  t.-  irin-mjc  i]^f«icl].  for  id niHider.ilioii  of  Ctmjin-iw, 

i-umuiituE>.-:itt»u  fcnn  thr  S^-rnarv  ,.t"  ibr  Sm)thM>iii;iii  TiisrituMon  oftln'  2Hd  inatam 
iti  nliitivii  til  rhf  ^ti.iiac^  .lu  pjcf  -*:'t  i>(  ili^  IS-wk  of  ^'jtlilllIltl'^<.  fur  th.-  linpnl  vm 
IWKl,  .ul>iuitt.-a  r.T  rli.'  ini(irin.-iii.-nt.  ni.iiiil.-iiam.-,  cti-..  "f  tin-  .\;ilioiii:l  7.oii\i,eic; 
t-ark.  I>istri.i..f0.1iuubi,i.  f..r  Itie  ri..:.l  v.-iir  ni.liu!;  .I.iiif  »),  ixitX 


SMITHSOMAX    iN-STlTITInN-. 

^UK* in ■/(<■■,  yt.  f.,  JaHnarn  1:6.  ISS:: 
u  tlie  esiimiiteH  iinilcr  the  SmitltMiiiiiui 
>.  iJtU.aiilj-  siilimittf^tu  .vim  OrloloT 


inn-  tisk.  il  iiir  by  ilu"  Insiiinrion  linvi>  Im^h  only 
HUM  inmonii.  1  li.ive  t»  ««k  jonr  special  iitlitt- 
iioiiiil  Z.M;iof;iial  I'ark.  1. 1..  iiu)truvemi-iitM.  Iiiiilil. 
-  Iroiii  H.KxIs  ana  likr  foiiriiiceui-ii's,  for  wliicL  110 
III  )!i»  apiini|iriati.iiis  lor  llic  prrsent  yiNir.  fuplm- 
mU  :uui>uiit  e^tiniatPiI  niiiW  the  h<-s(liitt^  Improi-e- 
Li>  ^\tst,s  > xci-ptioDal  iit'ii^iiv  in  tlie  iteoi  for 
V  fnr  ttie  fiiiiil  and  can-  of  living  aniiuala. 
a.-t  of  Man-US.  IKU,  for  ■■  wain  ten  a  nee"  diiriiic 
h  if;i:..iX)0  w»»  asked  I.  HB.1  *17.5«».  Itiit  ihcKiimof 
.|-  April  at.  ISa*.  was  availal.le  antl  hiis  Iwcii  iipieri 
lis  ail.iiciuu  il  lias  Wen  nefcBsarj-  to  ask  far  a  il.li- 
,ily  li>i-u\erev)Hjiditiir»s  whirh  were  foiiml  toba 


II >i 11  i>.|"'ii.lii"n«  t;.r  (he  pre»eut  year  under  this  item  will  thfrefore  Up 

♦  '  Ml"  /I  .  I  111  >M|i.''""i"  ti'f  th«  lir-t  sii  iiwutha  Iwinit  $11.26!I.T3.  ortt  (lie  Tat«  of 
+  s,  .11'  III  i<»i  .11111  111. I.  I  I  HI. I.  ihiiivfoir.  (hitt  it  isuiadesiiffieientlyrlear  that  wiib 
U.I  :.|i|.iii)"ti(i' ifU.MHiii  will  l>«iiiipiis»iljle  10  properly  1  an.  I'i>r  and  fenl  the  ail- 

II..-  |.>i-il  .-. liii>ir'<  woiiia  have  Uvn  i^till   larger  I •iit  that  the  work  on  theac- 

(.1. III. 1-1  li.i  ll.i.l.i.i.iin  liii"  iiipai-l  li.-^ii  ill. ne  (ira till ton-^ly  liy  the  Institiitioa,  wbieh 
h.n  ii1n...i'i|i|iIIi.>  hi..'..i  .■.«i,iilii-o  roiiiiis,  as  m-ll  as  the  aid  and  supervision  of  un- 
.i.iiil.i'ili.i'iil.i  1  ll>i-i'"u  iii't  !«■  re.-k.>D«!  upon  for  the  fn(nn-,  l>nth«a  been  iudc- 
lli.iii  il  ti,  1 1. 1  (.'..Lii"U  HI.  I.  iiu-ini*  to  iiuvt  lh('  exi.jency  until  the  need  of  a  larser  aji- 
|.i..|i>>'il'lii>i  ■■HI  li.   II  |.t.-.i.|iU.il  li'lotijiretw,  iiud  in  theuieat)(inie  the  workine  foioe 

Iiii..  Ill 1 1  l(.  'HI  <'\in'iiii-  di"ir\ie.  I  he  |ioIii'iiii;,  for  in  s(  a  nee.  Wiop  now  doue  bj 

'    ''      l>«»i<iii|ih>>>«  nhoure  lari;ely  eneaseil  withotherdulieH; 
'* "     "'  aof  167  aires,  visited 

f  aaimaU  mad.'  at  the  uulxet  lie 
I'luies  01  .■lou.'iny  in  every  branch  of  Ike  aduiinia- 
aliisiil.v  aiiu.iiuleii,  jis  dhuwn  above,  to  more  than 


r   the  iwiiliar  diftiotiliies  that  mnst  arii 

-■'  -  f  livinc  wild      ■       • 

I  has  been  D 


il»..i>n;tliiiii  (iTlhe  care  of  livini;  wild  aDinials.  u 


,|irii«i«  '•iiui'th.'  e~iiiiiates  were  prenare*).  dae  direi'tly  to 
iiiinil.ii  lull  i«-»l  iii.iuife»(ett  in  ihe  park,  and  to  tb«extr.ior- 

n,  t  111'"  f.M-l  is-iiiiwll.it  either  to  incn.ase  the  i-iitimate  for 
111  ii.ior  llirlhev  loiitiuseuiiev.  or  I«  ask  (hat  lfa«  total  ap- 

I  li,i  |i.ii  k  !<••  iiMile  ill  iiiieh  fonii  a>  to  allow  a  eertain  disn^- 
1..111  tl  iii.ilev  the  eitviinistan. .-«  «laled.  the  latter  would, 
1.  Hii'iv  iili  iviMe  eoiirse,  1  would  res|>eitfHllv  ask  that  yim 

II...I  Hi,.  Il.iv.-  ii.-i»  of  imi'f"veiiieiits:«MXMi>.  buiWinc 
.v..  ( » 1'  iHH'>  t'e  ai-i-iopriat"!  iu  on.-  siiiu  of  iTi.WO.  as  fol- 

".nil  vuiiMiv-ui  IU  liKt-tuti.ni:  t'onliiiiiiii^theeonstnietion 
H-iivi  iiippl^,  sewerage,  and  dninatw.  and  for  j^oiling, 
(Htfivt'Uit  (be  KtMiu^  etiM'iing  and  repairing  buildings 
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niinnrloBiirpH  for  itiiiiuulH,  utnl  b>r  uilmiuistrulii'e  puriHHH's.  mic,  inbHiiitii-iii i.  :tni1 
uaiutfiortatinii  of  aniinalK,  auil  fur  tlip  iiurrbaxfl  or  excliaii|G;«  of  H|ipcimnns  not  other- 
n in>- •ilttiiiiial'li!,  iiii-liiiliiiK  laliirii-s  or  conippllxiitiiiii  iif  nil  ueinHHury  i'lnj>luyi^8,  luiil 
jj'uiTil  iiicidentnl  eijH-nsen  not  iithprwiBp  nrovidi'il  for.  (73.000." 
I  lii)\'u  thi^  tiiiiiiir  to  hv.  vnry  renpi^etfally,  yoi;rH. 

.Seerelari/. 
Tlie  SrcRfrrAifv  i>k  thk  TKKArti'iiv. 

The  Oomiiiittee  on  Appropriiitioiitt  of  the  United  States  8euate  finaJl)' 
rwnuimeiided  that  the  sum  allowetl  by  tht>.  House  for  the  Park  bo  raised 
tn  ^73,000,  and  that  the  amount  be  ai>propriated  in  one  item,  that  if  tn 
say,  without  assigning  special  sums  to  N|>ecia1  subordinate  heads. 

In  the  conference  committee  upon  tlie  sundry  civil  bill  tho  amount 
Koummende*!  by  the  Senate  was  reduced  to  $.50,000,  but  tlic  embarraAS- 
meDtiif  special  subheads  of  ajtpropriation  was  removed,  Tlie  bill  waH 
finally  p».sseil'  in  the  following  terniN, 

Xational  Zoiilogical  Park:  ]''or  c^nitiuutiig  the  consti'uction  of  iymuIk- 
valkK, bridges.  wat«r  Bupply,  Kcwcrage,  and  drainnge;  and  for  grading, 
l>laQting,  and  otherwiso  imi»roving  th«  gnmuds;  erecting  and  repair, 
in^'hnildings  and  ini'losures  for  animals;  and  for  ailininistrative  pur- 
IMweA.  cai-e,  subaiatciice,  and  transportation  of  animals,  including  sala- 
ries or  coinpensation  of  all  nercHsary  employes,  and  genei-al  incidental 
expenses  not  otherwise  provided  for,  fifty  thousand  dollars,  one -half  of 
Khich  sum  shall  be  paid  fntm  the  revenues  of  the  District  of  Columbia 
iind  the  other  half  from  the  Trea.tury  of  the  United  8tate»;  and  a  re- 
])i>rt  iu  detail  of  tJie  expenses  on  account  of  the  National  Zoological 
I'ark  sball  be  made  to  (.'ongrcss  at  the  beginning  of  e^ich  regular  ses- 
sion. 

Work  already  done, — Notwithstanding  a  compulsory  waste  of  means 
vaiyied  by  the  fact  that  insutBcieut  aj)propriationH  made  it  necessary 
todocertain  urgent  work  provi.sionally  and  imperfectly,  it  is  believed 
that  results  have  l>een  atbiined  at  a  Kmaller  exiieusc  than  ia  usual  in 
egtabliHbmeuts  of  the  same  nature  elsewhere.  The  following  table 
shoirs  the  cost  of  the  princi]>al  works  jirojectcnl  up  to  .lune  .'tO,  1892. 

In  elucidation  of  these  Mtatements,  the  plans  and  drawings  of  a 
jiortioii  of  the  work  given  (oh  a  ne^iessarily  small  scale  iu  the  t<*xt)  may 
Wreferred  t^»  (see  Plates  ii,  iii,  iv  and  V.} 

lll1'KI.VliSIKNTH.t 

Poods  (Htill  incompli-ltt) »1, 946. 00 

Bmt  yariln  imil  ntnne  retaLiiug  w»II  abovi*  them  (Piute  II) 1,501.00 

ff  Mct  aupp;y 4, 490. 00 

^wcnj;euiid  draiiiaic« 2, 6!l4.4-'i 

Eeidn  and  walks 1.1,995.00 

llridife  over  Rock  Creek,  includiug  repairs 8,  ISfi.OO 

CnltivatinK-  gradinB,  plauting  etc 3, 350, 00 

.^trvitw  of  i-DgiiieeT8  and  landHcnpe  iirchitccte 1, 08».  30 

'Owiug  to  tbe  Ions  session  of  Con^i>HH  tlie  bill  diil  not  berumi'  a.  Ian-  until  AiigiiBt 
J.  1892,  Althiin>;h  the  wope  of  tbiH  report  i.i  rouflni'd  to  tlie  lisrnl  yenr  endinf;  Jiin« 
30,  IS93,  it  Hevmx  deHirable  tti  conclude  here  rbe  history  of  this  Heiwioii'H  o|ieratioD. 

I8«e  Plate  1. 
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rian  ur  tlip  Niikniil  Zoi>ln|ni'ftl  Park. 
Bird  Inclinme. 
Incloann  r<>r  w«lvp»  it.,a  fi.i. 
Prufrie-dof  tawD. 
Propertj-  haniw. 
Tempuracy  ahwl  fur  I'lciilianl: 
ItiiflUo  hoiuamiili'nililiK-k, 


I.  K.-Htannml. 
I.  r.oat  J    '■ 

.  I)^^! _.,. 

:.  I'cmib  roraqnitl. 


I'cmib  roraqnitlfldQliu]..., 
OIH.tM  (Hull  boIUM.H  )Q   C 
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Large  animal  lioiiHf  (  Sih-  Pl»teH  III  and  IV  ;,  iuiUiidiiig  ovt«UBii)n,  ItnutiU); 

iipihinitos.  HJiil  (Engine  for  rnnniug  tliti  unmet $1,  580.00 

Riiffalu  and  elk  bonae  (See  Plato   V) S.MT.OO 

i'rncea  for  ruiuiiiauts  nnd  tut  HOinll  incl<MnreN  ( iDcliiding  timnll  Nheltsrs ) . .  2,  !^T.  00 

Konndary  fpnce  for  Park 1,  BSo.OO 

S'llt  honee  (  office  ofthi^  I'ntk  ),  repnirin);  nnd  nffice  fiirnitiire 2,000.00 

t*ible  ami  ehod 2,600.00 

Tnol  liouae,  shops,  and  sbeds 1, 275.00 

tlrphant  hnuM   (  temporikry  ) 1. 099. 00 

111  the  appendix  to  the  "estimates"*  for  the  year  ending  June  30, 
IStt,  on  pnge  299,  will  be  found  a  statement  of  the  original  estimate 
for  the  Park,  innde,  it  will  h(i  remembered,  with  the. expectation  that 


ruiTB   IT.     Pl( 


tliegrouudH  were  t^j  be  ustwl  essentially  in  large  preserves  for  the  pres- 
rrvation  of  the  national  large  game. 

•Pifty-fiwtCoDgreas,  aduesBion;  H.  R.  Ei.  Doc.  No.  5.  "^'^^OglC 
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With  tlie  close  uf  ttie  war  ends  the  must  active  i>eriod  of  bis  life, 
and  begins  tlie  gentle  course  o(  an  honitietl  old  age,  devoted  aniong 
other  occapatiou»  to  the  advancement  of  the  beat  interests  of  this  In 
stitiition.  He  was  a  member  of  the  Kntional  Academy  of  Sciences  aud 
one  of  the  fomiders  of  the  Philosophical  Society  of  Washington.  He 
was  appointed  by  a  joint  resolution  of  Congress  in  1SH5  aKegentof  the 
Smithsonian  Institution,  and  from  his  entrance  into  the  Board  bei^ame 
an  active  member  of  its  executive  committee,  whic^h  positions  he  tilled 
until  his  death,  which  occurred  at  his  residence  in  this  city  on  the  ~d 
of  January,  1892. 

Of  Geu.  Meigs  as  a  man  alike  in  external  or  in  moral  as]>ects,  one 
can  only  speak  in  terms  of  respect.  Persoually,  he  will  be  remem- 
bered by  all,  even  until  his  very  last  days,  as  erect  in  carriage,  with  » 
soldierly  bearing  which  did  not  recognize  the  lapse  of  years,  and  a 
manner  both  dignified  aud  engaging.  In  character  he  was  not  only 
coiiscieutious  ami  sagacious,  but  firm  at  a  time  wheu  firmness  tried 
every  quality  of  a  man.  What  more  cau  be  added  when  we  have  said 
that  he  was  n  man  faithful  in  all  things,  who  has  left  behind  him  a  repu- 
tation l>oth  high  and  eudurtngf 

NOAH    POSTER. 

I^oah  Porter  was  born  in  Fanningtou,  Ooun.,  December  14, 1811,  and 
graduated  at  Yale  College  in  1831.  During  a  tutorship  in  Yale  in  1833- 
1835,  bedevoted  himself  to  the  study  of  theology.  He  was  appointed  pro- 
fessor of  moral  philosophy  and  metaphysics  at  Yale  iu  1846.  In  1871 
he  was  called  to  thepre-iidencyof  Yale,  which  post  he  resigned  in  188fi. 
During  President  PorteWs  administration  the  progress  of  the  college 
was  mai'ked.  As  a  teacher,  and  in  his  i>crsonal  relations  with  tbv- 
students,  be  was  one  of  its  most  popular  presidents.     He  received  the 

of  New  York  iu  1S.5S, 
writings  wivcr  a  wide 
He  was  one  of  tiiu 
i  produced.  His  cou- 
m  January  20,  1878, 
r  a  joint  resolution  of 
onnection  terminated 
;nt  of  failing  health. 
Ittieth  year  of  his  age- 
ivered  at  his  funeral: 

!,  ijuick  in  his  mental 
uth,  rich  iu  his  thiuk- 
kindled  with  cnthusi- 
Ijs  face  beamed  with 
Die  lield  of  truth  wa^ 
enter  it  by  any  path- 
a  man  of  mark  and  of 
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indueuce.  lie  ha.'^  cominandtKl  resi>e<-t  for  his  letiruiiig.  He  h&a  com- 
iiieoded  leHmiii^  liy  his  owit  i>ossc8sioii  of  it.  He  hns  stimulated  those 
nearest  to  him  by  hia  maoy  thoughts,  hy  his  wide  interest  iu  many 
departmenta  of  kuowledge,  and  by  his  fVee  and  hberal  spirit.  lie  hns 
kept  an  opeu  mind  for  truth  and  au  oi>en  heart  lor  his  frieuds.  He  has 
stood  among  us  as  one  of  the  ablest  men  iu  uitellectual  power  whom  we 
bsve  knowu  iu  these  past  years. 

Bespectfully  submitted. 

8.  P.  Langlev. 
SevieUiry  uj  the  SmiiltsotthiH  InstitutioH. 
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Sih:  EthnulogU  n»H'Hri;)i<.'B  ninoiig  the  North  Aiuuricuii  luiliiuiH  werii  viiutiDiieil 
Hoilf^r  lli«  S^crvtarjr  i>r  the  SmithBoninn  liiatitutiuu,  in  curiiplinnce  with  iicts  of  Cuii- 
pH«,  ilurinx  th«  >>'ar  l^l-'92. 

A  report  upon  the  work  of  tbu  year  ia  most  cuiiveniBiitly  [ireHontHil  iiD<ler  two 
pncral  beads,  vix,  field  work  aud  office  work. 


Til?  Held  work  of  the  year  U  divided  into  (1)  nrchioology  and  (2)  general  Held 
KndiM,  tha  lutter  beiiiK  directed  chiefly  to  religion,  technology,  and  lingaisticH. 

Areka^lotjical  fitld  teorJt.— The  explorations  of  the  Bureau  for  the  last  fiscal  year 
««e  continned  nnder  the  peraonal  supervision  of  Hr.  W.  H.  Holmes,  with  Mo8«rs. 
Cosnm  Mindeleff,  (Jerard  Fomkp,  and  Willium  Dinwiddie  aa  assistants. 

Tbe  irnrk  begun  iu  the  tide-water  regions  of  Maryland  and  Tirgiula  in  the  spring 
M  1^1  was  continued  thToiighout  the  preni^nt  year,  Carefnl  attention  was  given 
U  tht  naminstion  and  mapping  of  the  shoH  deposits  of  the  Lower  Potomac  and  the 
Cbeapake,  and  many  of  tbe  bintoric  village  sites  visited  by  John  Smith  aud  his 
■*»Mlrs  were  identified  and  extimined.  The  remains  upon  these  sites  are  identical 
*ilti  those  of  tho  many  other  village  sites  of  the  region.  Mr.  Holmes  studicil  the 
utlueologj-of  Soath,  West,  and  Rhode  rivers  and  of  theaboresof  Ihebay  iibovo  and 
Wlow  Annapolis.  Tho  middle  Patuient  was  viait4.>d  and  the  site  of  tho  ancient  vil- 
ligs  of  Mattpoment  identified  and  examined.  The  valley  of  the  Rappahannock  in 
tlif  vicinity  of  Fredericksburg  and  a  nnmlier  of  tbe  other  western  tribiitnries  of  th^ 
Piitoouc  received  attention.  Ancient  soapstono  quarries,  one  in  Fairfax  County, 
^'■■,tlii«e  iu  Montgomery  County,  Md.,  and  one  in  Howard  County,  Md.,  were 
'tadied,  and  oollectioDS  of  the  quarry  rejects  and  implements  nsed  iu  ijuurryiilg  aud 
tatliag  the  stone  were  obtained. 

bJulyMr.  Holmes  made  a  trip  to  Ohio  to  assiRt  in  the  resurvey  of  several  geo- 
nelric  euibworUa  at  Newark  and  near  Chillicothe.  A.  visit  was  made  to  the  greiit 
dint  quarries  in  Licking  County,  between  Newark  and  Kaneaville.  This  well-known 
liairy  is  one  of  tho  most  extraordinary  pie<'es  of  aboriginal  work  In  tbe  country, 
'ndtlie  evidence  of  pitting  and  trenching  anil  of  the  removal  and  working  up  of 
enit  booties  of  the  flint  are  visible  on  all  sides,  the  work  having  extended  over  many 
x(iure  miles.  Nnmerons  hammer  stones  and  large  bodies  of  tbe  refiixo  of  roanufuc- 
toiF  3te  seen.  Tbe  chief  product  of  the  work  upon  the  r<ite  here  as  elsewhere  was  a 
thill  blade,  the  blank  from  which  various  implements  wore  to  bo  specialized.  The 
nwntleaa  handsomely  shaped  and  tlnte<l  arrow  and  Hpeur  points  aud  knives  scat- 
■red  over  Ohio  and  the  neighboring  States  are  derived  cli  icily  from  this  site. 


H.  Mia.  114 ^1 
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rPHiiiM'.Mit^  thf  i-Brth works  II  >>«acfc  uxl  Cliilliitiii4ut  w 
iiihIc  -.i  luuniay  intu  taiUkn  Ttrritarj  t-t  itjunimi  .n  ^mm-^i 
mxl  <<■  )w  !t  Spiuiisti  silver  nun*,  li  vm  TvgwiniHL  Iiy  ^  W»^ 
ii-i.lujti.jil  Siin'cy.  that  IhU  wae  k^Ut  aa.  buliait  ttinciinairT. 
»liiirn  iuuLimuxl  thu)  L'ondnsisD.     Sr^^m  mili^  luirriliTvit*  tf 

:l  tuili^  wi-Ht  lit*  tb<>  Indiua  Tcniliiry  !ib>  rtutrq  u^  tuubk. 
it«  »liiti-ll  I'llnrC  ami  in  plare?-  iki»  rw:k  Etuit  Imm  fis-k- 
l<iir|H>s«  •>!'  .-wi-iirtUK  tliikable  matprial  hr  ib»  taaanBtBUiBS  <t€ 
s  ;iiiil  Cmiii'llPM  I'uver  UD  arva  of  abiinl  !•>  ^tir«t.  TTibt  vt 
i<i<iii<>ri>i»>  .i»  till"  Klint  Biilgi^  qoarrir^  TW  pcwim-t  «f  i^b 
(1  ..liii|"'.l  liliKitHKit'theuaoal  typr.tbe^ur  ^eijvc  ^nnm  tLa 
ii.rtiri."  '>i'  till-  iiiiiHtry  as  :\  rraoll  of  tbt  aajniBH  unri-iw-j 

..i  »(i.>li  li»a  1..-II  viaiMiiaiinnKlliepreTiaaaTear.  A  £n« 
I  III'  ■uiKuiiii  »r  ii  liiiiic  otuautaiuuiu  riiljcr  at  ibc-  fecsid  ■><'  C-^t 
,M>-  ..-(  <1 1. -<.'■■  von  li  ill  this  i-uDOtO'.  The  ancicni  cxi^vMaa 
[  .ii  ihi'  nil:;«  iiir  x'^-i'nj  luile*.  Tbe  largmt  piu  uv  tfSIS 
,.(  liHi  It.. I  II  iliuiuiilvc.  Tile  prudoi-I  of  this  qnarr;  wabo 
III,.  1,1 ,«.  .iliiuiiiiit  iniiii  Iht)  uCh IT  q Hurries,  and  duoclT  jkiI..- 
1  iinKmmiuH.  t..  tli.««'..fniQtKi(l^e,  Ohio.  Mr.  lIuCi^  am 
,„.  I  ..■ii.i,>.  Mil.,  til  viBie  !%  very  Urge  cave  silojiMd  ab^nl 
1 1. i... 1.1.  (Ill'  .iiiiiii.^  ■*iit.  NViiher  huiuaii  iviuaii»  nor  virrLi 
,11,1  nilli^ii  iliu  ,'UM-.  riiH  mauiUV'tarc  of  rbert  impiF^nU 
.11  ii-oii'ii  111  iliu-itinuiiiiilmf;  njgiou.  From  Stone  Cuanir  h» 
•„„.,>ii>.  itii>l  I-"'"'  ""'  'liiv^iu  IhestiKty  of  the  red  r>ip»tu«« 
ii,.  Iii,i,>i>  ,11  lii-  t'uUHtu  dim  I'Tuiritii.  Flridenr*  of  tbe  pn~ 
In.  .|.,.,ii»  «iu.  Kiiiiiil  111  Itki.' aeries  of  ancieut  pits  eiicBdas 
..,\^\    1  iiiili'  'II  .1  11,11'tvw  WEt  and  followiiig  tbe  oatcziYi>f 

,„.«  ,.i  l.vi,.  ICi...rtli',  Uitif  Superior,  were  neit  visiud  a»J 
I. II,..  .u.i,^  ,>!   -uiHo  Ii;ii er"  were  obtained  from  the  ihj 

nv-i-  I..  I  .iiLi.  hilts.  Hum.,  to  fsamine  tho  lo-alitv  &nni 
nil  ,.!,,..,  IV  «i  [•(■,>w,t  lo  Iw!  of  paleolithic  age  bad  hnu 
r-i,  in  il»w,  !i,i>  iPi  .I'l.iiij  wrr>'  the  refuse  of  tlie  mannfartnr.- 
iiu   (Li., -i-'^vi   iLi.l  i[' -t  ivri.nl  HUE  necessarily  more  reoM-li 

*»ri.  tii  1.,!,,  ■•i:i;  ,-;.'H>l  i!u- deld  workoii  tbeRio  Verde, 
nhi.ri  w  1-.  ;i.,.|  :•  ;:i,"  iiisr  ,i-jnnal  report,  and  returned  1<> 
tim..  Ii,-  w  1.  ■■■i;iii..l  ■'■■t  •'•.■•  muaind^r ijf  the  fis««l y(^aT in 

i|il.'t.'.t  ill..  oM.:.i"T .'•  ■■■*  Jijii**  River  anil  its  Qortfaem 

.".((ii«  ,li-...iPu.-^  ■■■  V-'-r  :.;:(■(.  lUrb.  A»egli»ny,uud  Hi«ti- 

liiiiiiK  ill  the  ii.;d  u^t  ;  iw,-,  !;:-,>-r.  Later  be  examined  the 
'II  till-  Sav.iiiii:ih  a:- '  ^:.  .1  .}]■..,  i-i«4.:!i^  Wating  niniiiids  and 
MB  be  n-siiiii...l  ir..rk  i-.  i!.- >^.  i.-d-Mh  Valley,  making  a 
cMiKatii'ii  of  ^v.rv  ...n-.i  v      Th-  m-'ills  ^how  Ihat  this  re 

if  any  peraian.Dt  .>.. , i,^  ,<..   .^vrigines,  though  it 

:eof  n-9ort  foi  IiuiiU-r-  ■■•  'jiy.  ,.-ir. '^^t? 

I!  was  cnKaKi-il  diinny'In     .  n  m  i.^npint;  and  cxamiuing 

'  aliorJKiiial  n-iniiiK  "f  ii.  J'.,i..i,.,  -fVsai^ako  regiou, 

wa^  unjcai'ed  must  ..i  in.  )tii„  .(.ifi.,;  ,he  ycjir 

-k  WM  liuiilod,     Findiiii;it  dc-siraliic  that  la 
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in  reference  to  certain  ancient  workii  in  VnaderborK  Touiity,  In<I., 
jdIiI  Ih'  iibtaine<1,  h?  eiignge^l  Mr.  F.  W.  Wright  to  make  n  cnrefiil  niirvey  and 
luareuieut  of  thoni.  As  tlw  leHnlt  Hlioireil  tbat  tliey  were  of  iiuiiaital  importauru 
ai'toimt  of  their  p««n1iar  rhanieter  iih  roaipariiil  with  othiT  aucieut  workii  of  the 
■wxectioD,  Prof.  Thomas  thi«i>!ht  it  uoce»Rary  t«  uakc  n  perHonnt  i-xmninatiuii  of 
no.  ind  did  ho.  Daring  the  same  trip  be  exumiued  vertiiin  important  moundx  in 
iuoi*.  amoHK  which  was  the  noti-d  '■  Cahokia"  or  "Monk'H  Mound,"  of  Madison 
mnly.  HiH  objett  in  this  rivw  waH  to  asrertain  tlie  prcjieiit  condition  of  this  re- 
ukililr  mennment,  luid  to  iuvextiicate  certain  otiier  poiulH  iii  relation  t-o  which 
ILtfsrtiiry  coaclusionB  conid  l>e  reached  only  hy  personal  inHpeitioii. 
ill' »li«  madu  during  the  suninicr  another  examination  of  thii  N'ewiuk  wurku  mid 
«t  Ancient,  in  Ohio,  in  onlt-T  t<i  Hcttlu  suniu  points  n-hicli  previous  re|iortH  bad 
Tiluoknt.  At  his  aaggmtt'ina  the  din-ctor  had  a  n;siirvey  made.  nnderMr.  Oannett's 
nrliiin.  of  the  four  most  noted  oirclen  of  the  Ohio  works,  tiie  plane  tahlo  being 
Kdu>sbuir  their  exact  fonn  as  they  at  present  appear. 

Mr.  V.  H.  CnshiDK,  ditnng  the  Hnmmer  and  autumn  months  of  1801,  made  some  «k- 
minitinnii  on  llie  shor*^  of  Lake  Erie,  neat  Hnffalo,  and  of  Lake  Ontario  ia  Orleans 
ianij,  \.  Y.,  where  he  discovered  pottery  of  the  well-known  net-impressed  laciist- 
igr  or  liltoral  type,  aud  also,  at  the  former  point,  some  pit«  or  slightly  indnm<«d 
•vitin  in  the  sand,  which  he  considered  to  l>e  eoiniec.teil  with  th<^  manllfa<-turu  of 
iMinttery.  By  esp<>riment8  made  without  the  aid  of  modern  appliauci'H  iif  any 
iud  he  ilnplicnteil  the  aneii-iH  spceimeDs  found  in  the  vi<:iiiity  and  Hbowctl  that 
Kir  piM,  lined  with  urdiaary  Hi^hisg  nuts,  hiul  itctually  been  usi-d  siuipty  and 
Irftiv<'ly  foe  sbajiiuK  pottery.  He  has  i>repared  an  illiistrated  report  giving  the 
rtsiUoD  the  Hnbjeet. 

•''nrraljlflil  »(«Wi«ir.— lu  Augnst,  1W)I,  Mrs.  Matilda  C.  Stevenson  rcsnineil  lier  in- 
Hiiicatiuns  into  the  mythology,  religion,  and  soeiology  of  tlii^  /.nfli  Indians,  mak- 
riK  oarrfnl  stnily  of  the  shrine  worship,  which  conntitntes  siieh  an  important  feature 
ntWnligiou  of  those  people.  She  added  to  the  already  valuable  collection  of 
)!>'itii|rapbii  and  sketches  of  their  sanctuaries,  made  in  pnivions  years  hy  Mr.  James 
^iTTfUMn,  and  by  the  aid  of  the  war  priest  of  ;Zuni,  secured  from  the  ti'ilie  some 
int'tfrtilUr  nlijects. 

Tknia^theiiillueQct'  of  tbe  war  priest,  the  pricHtof  the  KA-kA  and  then rKiste  of 
tlh>  "BHlirino  socii^tius,''  Mrs.  Kteveusou  was  able  to  be  present  at  Znfii  eere- 
mimiili linnet  continnoiwly  from  the  time  of  her  arrivalto  her  ileparture  in  March. 

l'r.n'..l.  RoKnan  proceeded  early  in  Angiiet  to  theMenomoneu  Reservation,  Wis- 
•^'in.  in  response  to  mu  invitation  from  the  Mitawok  or  chiefs  of  the  Mitawit  (or 
'''Diiil  Hrdicine  Society")  of  the  Menomonee  Indians,  to  observe  tbe  ritualistic  cere- 
mnitr  anil  order  of  initiation  of  a  new  candidate  for  membership,  for  comparison 
•lib  iiaiUr  ceremonials  of  other  Algonqiiinu  tribes.  In  addition  to  the  mytbologic 
■Mtriil  tollecteil  ttt  this  attendance,  he  also  tu'cnreil  much  valuable  information  re- 
^"t  le  the  primitive  customs  and  usaKes  of  the  Menomonee  for  nse  in  the  propara- 
tMnfiQianoi^anh  upon  that  people.     SpBcimens  of  their  workmanship  were  alan 

A<li«had  lieen  appointMla  special  agent  for  making  ethnologic  eolleclions  for  the 
'iluliil  lo  i>e  made  l>y  tbe  Bureau  of  Kthnology  at  tbe  World's  Colnmluan  Exposi- 
'■m-bfuecnred  a  collection  of  Menoiuonec  material,  an  well  as  a  number  of  desinil 
■*W«al  White  Earth  Ki.serviiti<.u,  Minnesolu.  lu  May.  18!ta.  he  viaited  th«  Crow 
l.tncj.  Mont.,  to  procure  a  eolleetiou  of  iirtirle-.  lo  illuslrate  (be  industries  and 
"Hkmsngliip  of  tbe  Crow  IndiaiiH.  It  was  siioeiHlly  dcsirablf  to  obtain  some  of  the 
'likinie  clothing  for  which  the  tribe  is  remarkabli'.  A  uniiine  series  of  articles  wan 
'^»Ib«1,  after  which  a  visit  was  made  to  tbe  isolated  hand  of  Ojibwa  nt  Leech  Lake, 
•m,  to  collect  various  specinn-ns  dexirt'il  to  complete  the  colicctiun  illustrating 
i^r  Ojibwa  history. 

^  bis  letuni.  Dr.  Hufliuau  again  slopped  at  tbe  Meuumuuut:  Kcaurvutiuu  to  luakfi 
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qnlraleula  iu  iitber  SioiiaD  laugiiagcs,  nome  beiu)^  iilRutic&l  in  sound  witU  tbe  cor- 
(qwDdiiiK  wnnU  in  Dakota.  Winnebago,  eU-.  Tlie  Biloxi  Iiiib  iiinrv  clasaifierB  thnn 
ic  fiitind  in  tbi^  otiier  languages  of  thin  fumily,  and  while  it  us«h  udvcrliR  nud  t:oii- 
nutions,  it  oHen  expresses  ii  Hnoi-eaHion  of  iictioux  by  mere  jnxtapotiitiiiD  of  two, 
Im.  or  mora  verbs,  lit  tbe  pnnrity  of  model  pretixes  it  maybe  i^niu  pared  with 
b  Hid&tflft  anil  Tittnlo,  and  in  tbe  use  of  d"*''  and  t'"  it  may  be  cIuBned  witb  tiie 
tKipiaad  HidatBa.  Tb«  information  now  gihincd  iiennits  a  tabnlar  coin|inrigon  of 
kBibxi  with  the  Hidatan,  Winneliago.  Catawba,  and  Tnt«lo.  those  live  boinK  ro- 
ftiri  aa  the  archaic  languages  of  tlie  Siouaii  family. 

Mr.  Albert  R.Gatachet,  having  met  with  little  ruccpsh  in  hiH  previous  attempt,  in 
fel,  ID  iitiid;  the  Wirfaita  langnagu  in  tbe  field,  continued  to  watch  forbctti'rop)>or- 
Hitii'A.  In  1S92  be  met  twelve  yonu;;;  men  of  that  trilie  in  tlio  Eilucational  Hume 
kiDi'faof  the  Lincoln  Institnti-)  at  Philadelphia,  and  8i'l>-i.-todfonr  of  the  brightest 
(IbtirDnmber.  whoKeemed  t<ibe  theinost  promising  through  their  advanced  knovrl- 
tlpof  English.  With  their  help  ho  gathered  about  three  tlionsnnd  terninof  Wich- 
l^vUirh  is  A  Caddoan  dialect,  aW)  a  large  niinil>erof  paradigms,  sen tencen,  and  a 
felBfihotogical  texts.  A  thorough  int4>ri'banguability  of  the  conmmantK  makes  the 
M.(  pre  alia  rly  difflcnlt. 

Kiria.^ntonia,  ayonng  Costa  Rica  woman  residing  in  Philadelphia,  wasi|ue8tioued 
■Kming  what  she  remembered  of  her  native  tongue,  thu  (liiatiiwi.  About  one 
toAni  and  twenty  vocables  were  reconled  iis  the  result  nf  the  inquiry.  Mr. 
Itlactut's  iield  work  extended  from  the  bogiiining  of  Mar  h  tii  the  beginning  uf 


Tli«  Director  took  special  pains  in  the  revision  and  correction  of  bis  work  on  the 
Iidlui  Lingnistie  Families  of  America  north  of  Mexico,"  its  it  pastiexl  throngh  the 
Bw.  The  si'0|>e  and  importance  of  this  linguistic  claasi location  has  before  been 
Ifliioed,  and  the  paper  forms  part  of  the  Seventh  Annual  Report  of  tlie  Bureau, 
ivinaod. 

W.  liarrick  Mallery,  U.  S.  Army,  was  chiedy  occupied  in  writing  iu  finol  form, 
« H'>''<''tioii  in  the  Tenth  Annual  Report  of  the  Bureau,  a  comprehensive  paper 
Mlbe  "Picture  Writing  of  tbe  American  Indians,"  which  presents  the  result  of 
<M<>^;«an  of  personal  exploration  and  study  of  all  oi^'ossible  material  on  that 
MiM.  At  tbe  <'Iose  of  the  year,  the  manuscript  and  the  drawings  fur  the  large 
tU^  of  necessary  illustrations  had  been  transmitted  throngh  the  Secretary  of 
Wfoitbionian  Institution  to  the  Public  Printer.  Col.  Hallery  was  also,  dnring 
*;n»t«r  part  of  the  year,  charged  with  administrative  duties  and  with  tbe  cxe- 
■i™  o(  a  variety  of  special  works  under  the  instriictioaM  of  the  Director. 
Xr.EW.  Heiishaw,  iu  ulditinn  to  his  usual  administrative  duties,  when  not  in  the 
Wu  before  mentioned,  wax  oni]>loyed  in  preparing  tbo  exhibit  of  the  Bureau  for 

•  World's  C'olumbiun  Exposition  at  Chicago  and  also  in  the  preparation  of  the 
■^milling  volume  on  "  Tribal  Synonymy,"  tbe  purport  and  utility  of  which  have 
IM  explained  in  former  loports.  In  this  work  Mr.  Henshaw  has  had  the  assistance 
■«.>'. Webb  Hodge,  who  has  devoted  special  attention  to  the  I'iman.  Yuman,  and 
*«*»eral  Pneblo  linguistic  stocks. 

TtieiilSco  work  of  Mr.  W.H.  Holmes  I'lmsisted   in  the  rompletion  of  papers  upon 

•  pittery  mid  sliellwork  of  the  aborigines  of  the  United  Stales.  A  third  paper 
'•"riiten  upon  the  lestile  fubrii-s  obtained  from  tbo  mound  region,  imd  a  fourth 
^  llie  Fitone  implemcnte  of  the  tide-wat^rr  country.     A  fifth  paper  upon  the  gen. 

I  ■"' •rrhienl<^)-  of  the  region  was  comiuenccd. 

illbe  cumnieii cement  of  the  ufllcial  year  Prof.  Cyrus  Thomas  was  eiigniji^d  in  ex- 

■  *^  and  correcting  the  proof  of  his  '-t'atuluguo  of  PrehiHtoHc  Works  >^t  of 

I  <k  Rocky  Mountains,"  whieb  won  published  in  the  lnlt«r  part  of  1891.  n<4  a  Kullel.in 

■f  lb.  Bnrean.    This  examination  involvwl  in  iniiiiy  inses  tile  wi-essity  of  a  nfer- 

eurdjithesnthoritics  i|noted.  CoOqIc 
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li'iri  r»r  many  .van-.    AH  tb>- w»rk  il"!!^  w.din>lni 

II,  no  nttcm[>t  at  n^liiratioD  brin:  matlc     In  Jimr. 

nil''!  will)  till!  niitlioritj-  Test<^l  iii  bim  by  Coap*«. 

ft-  unnrlrr  ivf.lUiiai  alHuil  tbe  niiu.  comprising  ibwim 
'ir  N|»-i'itiinii>i  iilit.iined  doriDg  llie  Pica rklwa  were 

,.'«<il<''l  hi  llii,  N»ti<inul  Mn»enm. 

Mr,  Miiiib^li-fl' wiiH  enKnenl  in  tbe  preparation  if " 

Uf  iiri'Viniix  yrnr.     Tliin  n-pnrt,  trutitleil  ■ -Abotiinn*' 

Nil  V'T'li-p  ArimiNii,''  HUH  ri)mpli<ti^<l  nnd  will  nppFuin 
bi>  lliirriiti,  A«i<l«  I'ifiiii  Ik  I'liiiipTebeiiHive  treatUKiitof 
Vi'I'Ik  llir  npiirl.  will  i^oiitain  Ibc  Brst  illuolniJon* 

[  illli'livii,  mill  tliK  lirHt  ruiuproliciiHivp  data,  itirluilip; 
ll  In  I'lilly  illiiHiriili'il  from  phutofijapbs.  plans,  aai 
Mill |iii'iill,v  !»■  romnmnred  n  Bcientifio  r*pori  on 

'II  111  lli«iiii>ili'lliiiKn><>iii'li>ril>K^'"'y^'"'.'^  thePDlirr 
prrpiinitimi  "I'lliiiiliriiti's  of  hhhIpIh  pri'viimslj'  mail''- 
liliiii  l'\|>i>Hilii<ii  niid  clNPwbiTi'.     Six  models,  in  sdili 

Pllt  t"  Slmlii,  l»  1 sliiliili'il  at  tin-  bintoricnl  esiinsi- 

••iii|>Ti».'d  tiiiiiU'lsi.rilif  I'lu-liloolZiini.  XfwMMin', 
Miiiuiu\  <';ivii-liirriiiii.  Ariziina.  nil  of  larRn  tiizr.  nnil 
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An  iiii1pliiitl«  1p»v<'  oralMHii'i-  "ItUiiiil  iinj  wan  jtrnnrBil  to  Mr.  Frank  H.  CuBhitig 
luUfi^mlwr,  18X6.  hi  unUr  lliat  \w  iiiigLt  oruntiin- m«l  vodiIiii'I  tliK  iiii|>c)rtant  «x- 
pkiralioiis  ill  soutlii-ni  ArizuuH  ami  tUe  Ziilli  cwuntry  of  tlm  Kiiiilhwi'storii  Ati-hico- 
]vgiai\  Expedition  extnblJHbed  by  Mn.  Mnry  Iliimcnway,  uf  Ituston.  Ilta  Hucceanfi)! 
rnllillnieut  of  thiH  work  whh  tnKlilenljr  inti'rru]>t4Ml  in  tlir  winter  of  1^89  li;  a  xcvere 
jsd  [truxtratin^c  iltnew,  which  diftubluil  hitu  until  tbe  niinimcr  of  1901.  He 
WIS  th«refuro  unable  to  resiinie  pTotniM-d  work  on  his  older  Zurii  material  for  ttie 
Bniean  nntil  AiigiiHt.  1891,  wbeii  he  bn^an  the  prepamtion  of  a  contriliution  Jii- 
icuded  to  appear  in  the  Twelfth  Annnal  Report  of  the  Uurcau,  un  tbeZuIti  inytbs  of 
cmiioQ  aD<l  migration  as  relatt^  to  the  niytbio  drania-ilunce  orgaQization,  or  Edkd 
gflhr  Zufiia,  anil  the  so-called  (.'arliina  rcrRnionials  of  all  Pueblo  and  other  south- 
vFstam  trilx-H.  Mr.  Cuahing's  iliNcoveriiw  ua  ei-t  forth  in  this  eway  confirm  and 
ralwluitiate  the  opinion  held  by  tbe  Dirni'tur  that  all  primitive  Bo-called  dance  cer- 
FiniiiiialK  are  enseotially  dramatic,  and  they  ro  an  far  rh  to  iu<licate  also  that  all 
foiuiiivi'cerenioaialH.  of  whatever  nature,  are  eHaenlially  dramatnrKic,  thua  niaking 
biicMtribution  of  general  aH  well  ui  of  gpt'cial  nigniBcauce. 

laJiDuary,  1892,  Mr.  Cuxbing  again  reportinl  at  WoHhinKtun  ami  wan  regularly 
tnrunl  aa  au  etbDologint  of  the  Rureau  on  the  tat  of  February,  au<l  hiiH  aince  been 
wrnpieil  in  elaborating  bia  pa)H'r  on  the  niytbH  of  the  drnmu  dances  and  <in  a 
■liid)' of  manual  concepts  or  t  lie  infiuenre  of  primitive  hand-uaaitPM  on  mental  ile- 
TflupaiFnt  in  tlio  rnlture  growth  of  mankind. 

lira,  St«venM>n  returne<l  from  the  field  ivork  l>efi>ri<  mentioned  iu  March,  1893,  and 
sie  rmployed  fur  the  remainiler  of  the  llacnl  year  in  prcporini;  her  Held  notea  for 
publiratiiin. 

Mr.  (i«n>rd  Fowkt>  waa  engaged  during  December  ami  January  in  jireparing  a  re- 
ptHluftheHeaaon'ii  work  by  him  in  ari'bsology,  arranging  amlHosaifyingtbeapeci- 
mriu  procured,  and  embodying  in  reportu,  previmmly  preparoil,  the  r«niiltH  of  receut 

The  officv  work  of  l)r.  Hoffman  conaiated  in  arranging  the  material  gathered  dur- 
iuc  the  preceding  tield  ceaKon  and  iu  preparing  for  publicatiuii  an  B<'€ouut  of  the 
»id(wiwin,  or  w>-callcd  "(3ranil  Medicine  Si>cicty,"  of  the  OJibwa  Indians  of  White 
Eutb,  Miuneaolra.  Tbia  work,  which  forma  one  of  the  papers  accompanying  tbe 
Stvevth  Annual  Report,  eiubraccA  ucw  material  and  conaista  of  the  traditions  of  tbe 
huliM  cotiniogony  and  genesis  of  maukinil,  tbe  "  mati'ria  meilicii"  of  tbe  abamnns, 
•mI  ikt  ritnal  of  initiation,  together  with  the  mnsiciil  notation  of  the  chants  and 

Dnriog  tbe  winter  and  Bpring  months  a  delegation  of  Menomoiiee  Indians  fn>m  WtH- 
nrnm  y\»iteA  Washingtcm  and  Dr.  HolTman  fV<;i|m>nt1y  converanl  with  tbfni  to  ob- 
uin  information  explanatory  of  the  less  known  practices  of  the  Menomonee  ceremony 
aflke  Mitawit,  or  their  "Grand  Medicine  Society."  for  the  purpone  of  comparison 
■itli  the  ritnal  as  observed  by  the  OJibwa.  In  addition  a  large  masa  of  mytbologio 
uterial  was  obtained,  as  well  as  toxt«  in  the  Menomonee  language. 

On  retoming  from  the  field  in  August  1891,  Mr.  James  Mooney  spent  abont  t«n 
*c«k*  in  arranging  bis  Kiowa  collection  for  the  World's  Columbian  Kipoeitiou, 
•rilitig  out  a  neries  of  descriptive  la  lie  Is,  and  in  copying  all  tbe  more  important 
dncnments  relating  to  the  "  ghost  dance"  t^om  the  tiles  of  the  Indian  Office  and  the 
Vu  Department.  He  then  again  went  ont  into  the  Aelil,  as  above  stateil,  returning 
ta  Washington  in  February  18112,  About  three  months  were  then  occupied  in  ar 
'■nf^Dgthe  material  thus  obtained  and  in  writing  the  preliminary  chapters  of  bis 
rrporton  the  ghost  dance.  He  niso  siipcriuteniled  the  preparation,  at  the  National 
Hnwuiu,  of  a  number  of  groujis  of  life-size  Hgurex  to  accompany  the  Kiowa  collec- 
tion ai  the  World's  Fair. 

Itev.  J.  Owen  Dorscy  continued  tbe  arrangement  of  Kwapa  texts  with  interlinear 
Wlfiee  translations  and  critical  notes.     HereviHedtbeproof  of  "  Omaha  and  )>onka 
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LetMra,"  a  balletjn  prepared  from  (|«);iLn  texts  collected  bj- bimseK.  He  flnUW 
the  collation  of  nil  tbo  Tiitelo  words  reronled  by  Dr.  Hale.  iU.  J.  N.  It.  Hewitt,  niA 
himself,  with  tbe  resnit  that  be  fand  7T5  wordti  in  the  Tiilelo- English  dictionary', 
IIb  famished  u  lint  of  several  hundre<l  liiiguiHtic  niid  sociologic  qnestions  to  be  iis«<1 
among  Indian  tribes.  These  qneatioiis  wrro  Id  afldition  ti>  those  contained  in  tht 
second  edition  of  rowrll's  IntrcHlnrtion  to  the  Stiid;  nf  Indian  Langnagee  and  vrrp 
based  on  original  invcsti^iations  mmle  by  Mi'.  Dorsey  among  the  Sionan  tribeti.  Ha 
prepared  for  pnhlicatiiiii  tbe  fulliiwiug  articleH:  Siousn  OnoniHtfipea  (sonnd-TOots). 
illaatrated  by  charts;  Tlie  Soi'inI  Organizatiou  of  Siouan  Tribes,  illnetrated  byfl^- 
ures  consiatini;  rhiefly  of  material  gained  by  himself  from  the  Dakota  tribes,  thr 
Omaha,  Ponka,  Knapa.  Osage.  Kansa,  luwn,  Ot»,  Missouri,  Winnebago,  and  Tiitclo; 
Naniboshii  in  Siouan  Mythology;  (iames  of  Teton  l>akot.i  Children  ( translated aud 
wrauged  from  tbe  origiiinl  Teton  mauuscript  in  the  Bashotter  collection  of  tlif 
Burean  of  Ethnology). 

After  his  n.-tnni  from  Louisiana  he  devoted  most  of  his  time  to  the  arnuigementor 
the  material  collected  in  hia  Biloxi  note-books.  He  prepared  a  Biloxi-Englisbdir- 
tionary  of  3,1X3  words  on  about  T.IXX)  slips  in  alphabetic  oriler.  He  arranged  tbt 
Biloxi  texts  for  piihlication,  adding  to  tbe  myths  (with  their  interlinear  and  (rrt 
English  translations  and  critical  notes)  a  list  of  several  hundred  Biloxi  phraiw. 
In  his  article  on  the  Biloxi  kinship  system,  he  gave  53  kinship  groups,  of  irtiidi 
niunher  only  27  have  their  rount«rpaTts  in  tbe  Dakota.  (Jegiha,  and  other  Sionin 
languages  of  tbe  Missouri  valley.  The  elaboration  of  nil  the  Biloxi  material  oinlil 
not  be  completed  by  .lune  30,  1892. 

Mr.  Alliert  S.  Gatschet  assistMl  in  augmenting  and  improving  the  data  for  the 
Tribal  Synonymy  now  in  pr<-]>ar.itiou,  by  extracting  mnlcrial  from  s  numberof  i 
books  and  original  reports  especinlly  referring  to  southern  nnd  southwestern  In- 
dians. Hismain  vrtirk  during  the  year  was  directi^d  towards  extracting  and  arrau;- 
ing  some  of  the  more  extensive  vocabularies  mode  by  him  previonsly  in  the  Grid. 
After  completing  the  Tonkawe  of  Teins,  he  cardeil  each  word  of  the  Shawano  and 
Creek  languages  obtained  by  him,  copied  the  historical  and  legendary  textsof  botb, 
and  extracted  the  lexical  and  grammatie  elements  from  them  ti)  serve  as  the  grouod- 
work  for  future  gra mm ara.  The  remains  of  the  Virginia  or  Powhatan  langu«g« 
that  are  known 'were  also  made  acce-tsible  by  carding  the  terms. 

During  the  fiscal  year  Mr.  J.  N.  H.  Hewitt  wnsapartof  thettmeengaged  in  careful 
study  of  the  grammatic  forma  of  the  Iroqiioian  languages,  especially  in  the  omvt- 
taiuDient  of  the  ninnher  anil  order  in  which  the  affixes  may  be  nsed  with  one  suil 
the  same  stem  or  base.  He  was  sIho  engaged  in  trnnslnting,  extracting,  and  Iraiw- 
ferringto  library  cards,  from  the  "Di^couvcrtesot  fitablisncments  des  Franfais 'Un* 
rAm^rique  Beptcutrionale."  by  Pierre  Margry,  matter  relating  to  the  manners,  cn*- 
tohis,  beliefs,  rights,  ceremonies,  and  history  of  tbe  Iroquois,  whicb  matter  is  non 
placed  on  abont  20,000  canU. 

He  continned  his  work  ou  the  Tiiscarora  Dictionar}-  and  directed  attention  to  Ae- 
veloping  the  fnll  nnmlier  of  ordiiinry  sentences  in  which  every  generic  nouD  mlT 
'  be  employed,  which  atTords  a  measure  of  the  capacity  of  tbf  vocabulary  for  the  ex- 
pressiou  of  thongbl. 

Mr.  Jame»>  C.  Pilling  continued  his  Uibliographir  work  throughout  tbe  year,  with 
speeial  attention  to  the  Athapascan  family.  Work  upon  this  family  was  begnii 
early  in  the  Rscal  year,  on  Octolicr  13  the  mnnusiTipt  was  sent  to  the  printer,  sm) 
at  the  close  of  the  year  but  n  few  pages  of  the  liual  ])rooln  rtimoined  imreml.  1°'' 
Bibliography  of  tbe  Athapascan  Langnagcs  forms  u  pamphlet  of  xJii-t-lSSpag^'- 
While  this  volume  was  beiug  pnt  in  type  Mr.  Pilling  begun  the  collection  of  nint'- 
rial  for  a  nnmlier  of  bibliographicH  relntiog  to  the  languages  of  t  lie  northwest  co>»t 
of  America — the  ('bluookan.  Sulisban.  and  Wakashan.  anil  xatiitfactory  progress kse 
been  made.    Probably  one  or  wore  of  them  will  hereudy  to  si-ud  to  the  printer  dar- 
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ing  the  ruiiiiug  autiiiiiii.  DiiriD){  the  iiiontli  of  May,  1892,  Mr.  rtlllng  niHle  a  brief 
Tisil  to  lilimrieH  in  Bunion  iind  Caiiibri<t)j<i  in  coniiectinn  witli  thn  roiDpilation  of  mu- 
Mriil  relstioi;  to  thexu  uurtbw«8t  laogiingCH. 

Mr.  De  I.ancey  W.  Gill  couliniied  la  cbargo  of  the  work  of  ]iri'ii:iriiig  uml  I'diting 
thf  illnstrations  for  the  pulilirationa  of  the  Kiireiiii. 

TbB  total  number  of  illiistrationit  iiropared  during  tin-  year  wim  'Mt.  Thowi  ilraw- 
inpmsy  be  cloMificil  as  follows: 

Landsrxpes (i 

Objects ;IOO 

DiagraiDH 31 

Miscellaneoiu H37 

lie  riiiinlieT  of  illustration  proofs  handled  duriug  the  year  was  a»  fiiHows ;  Kigbth 
Xanunt  Report,  308;  N in tb  Annual  Report,  459;  678  illnstratlooH  for  the  ToDth  An- 
nul Report  were  transmitted  to  the  Public  Printer. 

Tke  pbotographic  laboratory  remains  under  the  able  management  of  Mr.  J.  K. 
Men.  A  email  but  valnable  collection  of  purtraitx  of  North  American  iDdiann 
■u  lacnred  by  hiia  diiriU);  tb"  year  from  sittings;  twenty-six  negatives  wete ob- 
tained.   The  following  table  xhows  the  size  mid  niimlier  of  photographic  prints 


The  publicationH  Isstieil  during  the  year  aro  as  follows: 

(1)  "SeveatU  Annual  Iteport  of  tbe  Uiireaii  of  Kthnology  to  the  ^crctary  of  tbe 
^th-wnian  lostitntion,  1885-'86,  by  J.  W.  Powell,  Director."  This  report  contains 
u  iatrodnctory  report  by  the  Director,  27  pages,  with  aci'ompanying  paper",  as 
loUo-n: 

"Imlian  Linguistic  Families  of  America  north  of  Mexico,"  by  J.  W.  Powell;  "The 
Midfwiwin  or  'Grand  Medicine  Society'  of  tbe  Ojihwa,^'  by  W.  J,  HolTmaD;  "The 
saered  formulas  of  tbe  Cherokee.**,"  by  Jamen  Mooney.  The  report  forms  a  royal 
Mtaio  volaine  of  lxi+409  pages,  illustrated  with  39  ligures  and  27  plates,  one  of 
whirb  is  a  folding  plate  in  a  pooket  at  the  end  of  the  volume. 

(2)  "ContributioDs  to  North  Amoricau  Ethnology,  V<d,  ii,  part  ii."  This  part 
tontaini  tbe  Klamath-English  and  En^lisb-Klamath  Dictionary,  by  Albert  Samuel 
Galwbet,  and  concludes  his  work  relating  to  "Tbe  Klamath  IndianH  of  Southwestern 
Oregnn.''    The  volmnw  is  a  quarto  of  711  pages. 

(3)  "Contributions  to  North  American  Ethnology,  Vol.  VI,"  conliiining  the  fol- 
lowing papers  by  James  Owen  Dorscy:  "The  (J'cgiha  Language,  part  i.  Myths, 
St«rje»,  and  Letters,"  and  "TheQ'egibaLanguugi',  part  ii,  Additional  Myths,  Stories, 
and  Letters."    The  report  forms  a  quarto  volume  of  xviii-f- 794  pages. 

(4)  "Contributions  to  North  AiiU'riran  Ethnology,  Vol.  \"ii,  "A  Dakota-Englislr 
Dirtionary,  by  Stephen  Return  Riggs,  eililed  by  James  Owen  Dorsey."  This  is  a 
•jnarto  volame  of  x  -f*  ^65  pages. 

(5)  Bnlletin  of  the  Bureau  of  Ethnology.  Tliis  work  consists  of  a  paper  i-ntitled 
"Omaha  and  Pooka  Letters,"  by  James  Owen  l>orsoy,  and  forms  an  octavo  volume 
of  127  pagi-B. 
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(6)  Bulletiu  i,(  tU.'  Bnnuiu  of  Ethnology.  Tlii'  work  la  a  "Catalogtin  nf  Pn-hln- 
lj)rici  Worka  Knst  ol'  thi-  KiH'ltj  JIuiiutaiiis,"  liy  Cyriia  TbomaH.  It  fonuH  nu  otrtavu 
volume  of  24<i  pn^f^,  with  17  iiiaiHi,  onn  of  wliioh  in  in  a  pocket  at  tlie  nncl  of  thi' 

(7)  BiiUetin  of  the  Bureau  of  Ethnology.  Tho  work  i»  "  Bililiograpb.v  of  tlie  Al- 
gouqnian  LanguagcB,"  b;  James  CoiiHtantiiifi  PilliuK-  1''  foniis  au  octavo  volatile  of 
614  pagea,  witb  82  plal«t(  of  facHimiles  of  titlc-pafccs  of  inre  worka. 

Very  respectfiiUv, 

J.    W.    POWKLI., 

IHrticlar. 

Mr.  H.  r.  Lakglbv, 

Serretarg  Snithiionian  Intliiutioii. 
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Sitt:   I  liavn  the  lionor  to  pnw^nt  tli(<  fnllowiu);  brief  ro]inrt  of  the  opnrntinnH  nf 
till-  lliir*nii  of  liitornutiimnl  Exchange!!  for  tijp  flai-iil  yi>ar  ciulingJiinn  :tO,  1H!I2: 
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u  witb  proviuua  years  I  mid  n  tabular  etttl^-uieut  from  ISSt!  t4>  1892. 
it'll  the  r;ipi<l  ^frowtli  of  the  senicc  i-learly  npjieare: 


],K5  2.(17  ' 


!>!'  tlio  v\vluui)t«  burvau  aT«  uiel  iu  part  b;  direct  upprapriHtios  li) 

II  I'lirl  by  ;tppn>prialii>iia  made  t«  Uoveniuieut  Dupartniotita  or 
ill  Itiiiu'  i-i'utiuj^ul  fuDits  or  iu  specifiHl  tenuB  for  ropaymeut  to  tbe 
ilitiitiuii  i,>l'  u  {">■''>■''''  *'l*  'li'  ^*>^t  of  tranHportation.  lo  1878  Ibc 
,■  I'HiiililitluHl  a  i-liat!£v  of  S  cents  per  pound  weight  for  the  public»- 
'  itH-i'lM-tl  by  (be  \art»ii»  tii>venuueDt  bureaus,  this  I'harge  lieiug 
M'lil  111!  iiu<luf  tax  upuu  the  re^wurc^  of  the  iDBtitiition,  wt  tlieap- 
ili'  t>\  t'outin-'ui  httvp  itrvri  t>r«u  enfficieQt  to  meet  the  eutire  cost  of 
I  Hiiiiiliii'  rivL'iiuis  ii  baii  beru  I'otiiid  ueceesary  to  niBihe  a  charge  of 
t  U>  KlttU<  iii.'>tttiiti»us.  aud  fruu  these  a  further  small  sum  has  hfW 

1  Uiii  iikttiU'  I'.r  t'ollgiYss  fur  the  fiscal  year  1891 -'92  was  in  the  follaw- 

il  lhi>  HyHti'iu  of  international  eirhaniCM  between  the  United  Stst«« 
ilrloi.  iiiiiU'r  thedirectiou  of  tlie  t^mithMnian  Institntiou,  inclnding 
I'liniiliiiu  ul'all  uecesaary  eiu)il'>ye<^,  seventeen  tboiisand  dollan. 
mid   diHbiiiwnieiits   by  the  acciiunting  officer  of  the  iSmitiiHUDian 
ri'iiiliit  of  international  exchanges,  under  date  of  July  1,  18%f,  niiil 

III  yniir  iuiiuediat«ly  preoodiug,  weru  as  follows  : 

i[ti;BiiTi«. 

idiiiihy  l\m([rcBS *17,000.00 

li»HiiilIhsoninn  Institution  from  Vuited  States  Govern- 
t-    2,108.44 


From    spn-iOc 

.  I  *U,DT4.81    . 

...1  i,7KL8J    . 

...{  Ml.lO    . 

....  B(t.50'. 
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Tlic  nm-guinit  table  hIiows  that  the  entire  amount  received  frum  OoremiDent  bii- 
riMiiiiDil  ntbvrH  wan  {2,139.19,  makiug  the  huui  pructicuUy  available  tor  the  8i>i>viliv 
pirpii«eofeEc:iaDKeH$19,139.19,  while  the  expeaaes  have  nnioiinted  to  *20,310.49,  tbt; 
Mciency  of  $1,171.30  being  mode  up  from  the  SmithHunian  fund. 

The  advantages  hnvoboeii  pointed  oat  iu  previous  rpporta  of  uumbiniug  in  aeingle 
ilein  the  mrioiiH  appropriations  for  the  exchange  service,  now  dividoil  into  couipur- 
ilively  amall  unma  amen)*  the  several  larger  appropriation  billH  of  the  Govemmunt, 
bat  the  matter  seems  to  be  of  snfBctenl  importance  to  call  attention  to  it  again  iu 
this  place. 

Fur  the  year  1891-'9'2  an  untimate  for  the  vntiru  expenoe  of  the  service  of  $23,000 
KM  «iibfQitt«*1,  this  xum  beiug  intended  to  inelade  these  smaller  amounts  alluded  to, 
and  lino  an  iteui  of  $2,000  to  cover  the  i-xpenso  of  au  immediate  e.\chaugo  of  piirlia- 
nh-ntiry  dociiuientH  with  the  countries  entering  into  the  treaty  of  Bnisseht  iu  18B6. 
TbeuDonnt  appropriated  was  $17,000,  the  siuiie  us  that  for  the  preceding  year. 


Tliename  of  each  (x^non  or  institution  seudingor  receiving  pablicutions  through 
tbr  rii;h»nf;e  hnrean  was  heretofore  entered  upon  n  Iiirge  leitger  card,  showing  all 
■nth  packages  receiveil  or  sent,  This  system  has proveil  itself  of  great  convenience, 
hnl  with  the  large  increoHo  in  the  nnuiber  of  canh  the  spare  occupied  has  liecome 
afnetious  moment,  and  it  was  therefore  found  desirabltt  to  liegin  a  new  series  of 
rifi]»,  of  smaller  size,  entering  iu  an  ahbreviated  form  the  receipts  from  corrceponil- 
ratinpoii  a  blue  card,  while  the  packages  forwarded  to  these  correBpondeuts  itrti 
fntcrail  upon  a  white  card.  'Phis  system  was  put  in  operation  January  1,  1892,  unil 
ilnring  the  six  months  succeeding,  9,«0B  cards  of  the  new  fonn  have  been  prepaitid, 
rtptrsenting  the  number  of  correspondents  with  whom  communication  has  been  had 
<lDring  that  pt'riod.     Then'  have  been  added  to  the  list  of  correspondents  dnring  the 


Mriluli... 


Total-... I1II4 
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Under  the  treaty  allndeil  to  in  the  Secretary's  report  for  I887-'88,  the  exchange  of 
IbeefBcial  public atlons  of  the  United  Stak's  Govonimont  with  other  governments 
liubeen  continaeil  by  the  Smithsonian  Institution,  and  it  now  forme  a  very  large 
proportion  of  the  bureau's  work. 

Thr  entire  number  of  ptiblieations  sent  abroad  <1uring  the  year  under  the  provision 
of  the  act  of  Congress  of  March  2,  1867,  ami  of  the  treaty  aliove  referred  to,  was 
17.873,  and  there  have  been  received  in  return  1,941  packages  or  volumes.  Tliu 
United  States  Government  Departments  have  forwanled  to  their  corrcHpondents 
ihroad  20,373  pociiageH,  and  have  received  in  return  13,000  piu'kagcs.  The  tolal 
ntunber  of  eichoages  on  Government  account  has  been  14,^11  r<'ceived  and  52,783 
pukages  sent  abroad.  There  have,  therefore,  been  n  total  of  67,724  packages,  or 
abaat  70  per  cent  of  the  total  number  handled. 
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ll^uisuus  [>iitkaici?H  Che  Uital  ut'9T.02T  packafCM, 


i.iMi'  I"  ivltuitnw  t>ri>'ily  hec«  the  methoil  of  rrceiTinft  uidbsiid- 

,  Kill  iiiiJit  kIiuiU  in  lb-'  I'liitvil  siiii^K  tlt^airiuK  li>  forwnnl  their 
VI.. I   iili.-r»  I"  'ht  SiiiiihMmian  lostitntion,  wh^re  a  record  la 

>i  |i.k.k  IK''"  "'  'ivi'il.  ituiier  Ihr  "waders  luune.  andklHa  a  record 
..I  iioMittdLiii  Ci.<  wh'i'li  :t  o>|>y  of  thein-ork  in  qaeetion  ia  tniit' 
,ii<  iIk'II  gi.o'ki-il.  Willi  iiivDi.-oti  from  other  xeodcrs,  :ind  Im- 

„,  III.'  tlo^vrtitiK-iit  tiurvaii  ubnuMl  nhirh  hua  nndertakeu  tbe 
lit  .•^^■U.>ll^;*•  V"'''-''*  '"  *'"''  c»n"try.  The  books  are  for- 
IHuU  AKVU*"  "1  *'"'  lus'itution,  if  iu  Great  Britain  or  GormaDJi 
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hj  irhniii  lliuy  »r>-  ilistriltutfil  liy  mail  nr  expriMH,  tlin  Iiistitnlioii  naBuiniiig  the  cant 
urtraiiBiiurtutioii  to  tbe  distrlbiitiu^  u<;cntH,  uud  in  thii  casi-  uf  its  Hiwrial  agent  tbi> 
cost  is  fnrtliiT  (lefrayoil  to  tlie  recipient  wlifn  practicable.  Uac&iue  at  the  lack  of 
•^nlSeictit  fimda  transportntinit  is  cft'ccUil  hy  tiliiw  f^i^bt,  and  the  govertimetital 
biirexD  of  tlte  Uuitnl  Stntes  or  other  tarrcHpDndentf  of  the  luBtitution  can  not  expt^et 
tbrir  publications  to  be  dolivcrcil  with  tbe  xaniu  promptness  with  which  tbey  aiaj  lie 
DFPi  by  mail  or  by  express.  The  trsDHDiisitiunH  are  eaiwcially  itlow  to  foreign  conntries 
uitli  whicli  we  have  comparator ]y  infreitneiit  con iiduui ration.  To  England  anil 
Geriiiiiiiy,  n-hcre,  un  before  stated,  the  agi^nrien  are  nniler  control  and  pay  of  tbe 
SiiiitliEOutau  luntitatiou,  and  to  Ir'rance,  cases  are  dispatched  ou  the  average  about 
thiFofimcH  n  moutli. 

^MM-ial  care  is  takeu  to  insure  the  nttfii  delivery  of  the  package  to  the  periKiii  ail- 
itmiacd,a]id  the  ciisesof  failure  constitute  but  a  Hinull  percentage  uf  the  entire  num- 
bir  v{  packages  handled.  I^uine  errom  are  inevitable  unless  the  greatest  care  is  vk- 
ncwd  by  the  seuiler  in  securing  the  proiier  address  of  bis  correspondentl. 

With  each  jhiokjgc  sent  out  areecipt  card  is  forwarded  rei[uesting  ackuowleilg- 
MDl  ihereon  of  the  package  iu  qneHtiou,  and  wbi'n  this  rec^eipt  ia  placoil  in  the  tiles 
<f  tbe  exchange  oBli-e  tbe  record  of  that  partienlar  package  is  complete. 

TruismiMions  from  abroad  receive<l  by  freight  in  hirgo  cases  are  distributed  in  the 
I'niteil  States  by  registered  mail,  a  reeunl  first  having  been  ina«le  of  tbe  name  of  the 
wnrirr  and  of  tbo  recipient  of  each  package.  A  receipt  card,  returnable  by  mail 
vitbout  postage,  \n  icnt  with  each  of  these  packages,  and  sboubl  be  retnmi^d  nt 
uDtv  by  tbe  reiripient  iu  acknowledgment  of  the  package,  otborwise  further  trans- 
miMuons  to  that  wUlrcM  cannot  t>e  luiMle.  It  should  be  borne  in  mind  that  as  nu 
riconl  is  made  of  tint  title  of  the  book  cuntaiin-d  in  each  packa-ge,  it  is  not  always 
po»iible  ti>  trace  a  given  work  unless  the  ilate  of  its  dispatch  to  the  exchange  oflice 

I  give  this  account  of  tint  working  of  the  F^xi^hange  ^iitrvice,  as  1  am  led  to  believe 
iTuiu  a  number  of  111411  i Hi 'h  with  referitncu  to  this  llureau  that  it  is  not  tUurougbly 
andrrstuoit  liy  all  who  ba\'e  hail  occasion  tii  make  use  of  it. 

lam gratitied  to  state  that,  the  recuminoudalion  for  additional  assistance  con- 
tuned  iu  previous  rejiurls  having  been  a|iprovGil,  it  has  been  possible  to  bring  the 
nnndjand  lilcs  into  a  mnch  more  sittisfactory  state  than  heretofore,  as,  owing  to 
tlf  iunfficient  clerical  forci',  the  work  has  been  for  several  years  past  tome  what  in 
imm.  By  the  luloption  of  new  an<l  abbreviated  forins  for  records  the  clerical  work 
iui  breu  materinlly  decreased  witliont  the  siu'ritlce  of  accuracy,  though  in  spite  of 
tbisrvditction  in  tbe  work  and  the  ineroase  of  tbe  force  it  Is  only  now  possible  to  koi^li 
Uicviirk  of  tbe  Bnrean  well  np  to  date.  This,  I  think,  will  readily  be  nnderstoml 
ir  it  in  ri'iitcmbere<1  that  since  188i)  the  nnmbcr  of  |>ackagcs  accounted  for  has  Ireeii 
Dculy  doiibliril. 

Sii  tboasand  font  binidrml  and  sixty-one  more  packageH  were  handled  in  1891-1)2 
Uianin  the  previous  year,  and  on  .Inne  30.  18^,  there  were  but  102  packages  ou 
band  to  be  disposed  of. 

The  increased  number  of  shipments  to  the  principal  foreign  countries  hoH  been 
luistained,  us  shown  in  the  tables  appended  as  Exhibit  A.  A  further  improvement 
ID  tbJH  direction  can  lie  looked  for  only  when  the  appropriations  made  by  CongrcfK 
liwiiue  sufBcient  to  enable  the  Institution  to  pay  for  fast  freight.  As  it  is  iio« , 
free  freight  is  granted  l>y  a  unijority  oftlie  ocean  sti-ani3bi|i  companies  to  tbe  Smitb- 
wuiaa  Institution  in  its  endeavor  to  incntasi- and  ditTiisit  knowledge  amoug  men, 
"bile  fidl  rates  would  be  cbargeil  to  the  rnilcd  States  fiovernuienl  for  a  similar 
•eti-icc:  an^l  where  the  privilege  of  fn.i-  freight  has  not  been  si-cnreil  the  exchange 
Iniea  are  sent  by  slow  stoiimi^rs  or  by  sailing  vcswls  otTcrini!  low  rutes. 

1  take  iiieasuri^  in  bearin;;  witnc-s  to  tlie  conscientious  ctlicieui-y  of  the  employes 
of  the  Exchange  Ulliuc,  uud  1  beg  leave  to  cxi>rus!i  mj-  ai>prei;iatiou  of  the  careful 
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%rmtH  of  tU«  Riireaii  on  tliu  part  of  He  itpcrial  a);entti  aliroitl, 
1,  iu  Leipzig,  and  MeHsra.  William  Weslfy  &,  tSoii.  in  l^iiudoii. 
edgmeiita  are  also  iliiu  to  the  folluwinji  transportation  fciiii]i»iiiiT. 
continued  liliorality  iu  grHiitin;;  free  fteiglil,  or  iu  iitbcrniw 
iiumissiiiii  of  excliutigu  parri'lH  aud  bnxes,  «hilt'  !■>  otlicr  linns 
reduccil  rateis  of  tranHportatiou  in  consideration  of  the  dieiuttr- 
a  Institutiou  in  tliu  ditfusion  of  knowledge. 

Dipany  <A.  Sckumachcr  &  Co.,  uguiilH),  Biiltiiiiort'. 
Royul  Portngiiesi'  cousnl-geni'Tiil,  New  York. 
CommiMionvrH  for  Foreign  Misaions,  Itosttin. 
ioQ  Society,  Wanliingtoti,  DiHtriet  of  C'oluilltiiu. 
.1110  (lIoiidcMon  A,  Kro.,  ftgonta).  New  York, 
lupany  (Piin,  Forwooil  &,  Co.),  New  York. 
1.,  New  York. 

leral  for  Sweilen  and  Norwtty,  New  York. 
mil-geui'ral  for  Greece,  New  York. 
Dnilctt,  New  York. 

col laul- general  for  Coloinbiii,  Now  Ycirk. 
l-genenil  for  Argentine  Repiildit;,  Nnw  ^'orl;. 
Co.,  New  York. 

-geuernl  for  Turkey,  New  Y'ork. 
B  TrauNatl antique  (A.  Forgot,  ngcnt),  New  York. 
Stuarattliip  Company  {Veruou  H.   Brown  &  Co.,  iigentu),  New 

do  In,  consiil-generHl  for  Chile,  New  York. 

iue — Navigazioiio  Generalo  ItaUana  (Phelpn  Itron.  &,  Co.).  N«w 

Packet  Company  ( R.  J.  CortiH,  ni:in:iger).  New  York. 
!  &  I.orliacher,  New  York. 

Qmpaay  (Henderson  &  Bro.,  agents),  Now  York, 
il-gcneral  for  Uruguay,  Now  York. 
N^w  York. 

<uI-genor»1  for  Mexico,  New  York. 
3UU  Steam  Navigation  Company  (W.  11,  Vaiideti   Tiiorii,  iiguiil), 

il  Mail  Steamabip  Company,  Now  York. 

ICO  Stcaiualiip  Couipatiy,  Ni;w  York. 

rd  (agents:  UolnciiH  &  Co.,  New  York;  A.  .Siliuuiiuihor  &  Co , 

>linnl-gi'nRrAl  for  Itolivin,  Ni'w  York. 

hip  Company  (H.  J.  Bnllay,  Hnporiiiteudent),  Now  York. 

onipany.  Ni'w  York. 

,  Cameron  &■  Co.),  New  York. 

Sew  York. 

[■ouau] -general  for  Salvador,  Now  York. 

<T  Wright  &.  Sons,  agents),  Now  York  and  Pliibidelphia. 

1,  New  York. 

:onBiil-g.'noral  for  Ecna.Icir. 

,  consul-geuiTiil   for  Paraguay,  WnnhiiLKton,  DiHtrict  of  CiJum- 

imnnl-goncriil  fov  (iiintenialii.  New  York. 
r  Antworp  (Fimcli,  Kdyo  &  Co.),  Now  York. 
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TtIK   IMTKKMATIONAt,   K\<'IIANGKK. 

Algeria:  Bureau  Frau^aiK  iIB8  l^rhaiiKes  InleniatiunBiii,  Paris,  Franco. 

Argentine  Repiiblir:  Miiscu  Nacioual,  Bnenoa  Aires. 

AoHtiift-HuDgary :  Dr.  Felix  FlUgel,  No.  1,  Robert  SrUiinuuiii  Stnisse,  Leipzig,  Gor- 

Bruil:  BibliothiH^a  Naoional,  Rio  Janoiro. 

BFlginm :  ComiDiasion  dea  F^changea  Intern  a  tionaiijc,  Kiiu  <lii  Musi^e,  No.  5,  BniBsutii. 

Kolivia:  Univuraltj,  Cbnquiiiaca. 

British  America:  McOill  College,  Montreal,  »r  <>eoli>xioAl  Survey  Offlcu,  Ottawa. 

Bnli«h  Cotonies:  Crown  Agentx  for  tti« Colon ieo,  London,  Kiittland. 

British  Oainna;  Th«  Observatory,  (icorgetown. 

Cipe Colony:  Colonial  Secretary,  Cape  Town. 

Cbioa:  Dr.  B.   W.  Doberck,  Qovernment  Astronomer,  lloug-Kong;  foe  Shanghai; 

Zi-ka-wei  Observatory,  Shaiighai. 
Chili:  Moseo  Nocional,  Santiago. 
Cobmbia (U.  8.  of):  National  Library,  Bogota. 
AatiRica:  Inetitnto  Fisico-geogruBiKi  Naciunal,  8an  Job£. 
Cub*:  Dr.  Frederico  Poey,  Callo  del  Rayo,  10,  Hab»nii,  Cuba. 
Deonurk:  Kongelige  Danake  V'iileiiitkaherDeB  Solskah,  (iopeiihagDi). 
DuU^h  Gaiana :  Surinaaiusclie  Koloiiiaale  Bibliotheek,  Paramaribo. 
Eut India;  Director-General  of  Stores,  India  Offlee,  London. 
bmidor:  Obaervatorio  del  Colegin  Noeional,  Quito. 
Egsft:  Institut  Egyptien,  Cairo. 

I'raace:  Bureau  Franvaisdes  I^.cbntiges  luternatiouanx,  Paris. 
Geraany:  Dr.  Felix  Flilgel,  No.  1,  Robert  Seta u maun  St rasse,  Leipzig. 
Gnat  Britain  and  Ireland;  William  Wesley  &  Son,  28,  Esser  street.  Strand,  London. 
Qmet:   National  Library.  At heua. 

Gutemata:  InstitDto  Xaciouitl  de  Guatemala,  Guatemala. 
GnadBlunpe  (Same  a«  Francs.) 

Haiti;  Secretaire  d'£tat  des  Ri^Iations  Ext^rieures,  Fort  au  Prince. 
Hmlnras:  Bibliutbeca  Naciunal,  Tegucigalpa. 
IftluJ:  IcelftDilH  StiptisbokotiiifQ,  Koykjavik. 
Iialj:  Bibliotecu  Nazionale  Vittorio  Enianiiete,  Rome. 
Jtpu:  Hinister  of  Foreign  Affairs,  Tokio. 
hn:  (Same  as  Holland.) 
Libtria;  Liberia  College,  Monrovia. 

Hailcita:  Director-General,  Army  Meilical  l>upartmeut,  London,  Englaud. 
Halts:  (Same  as  Madeira.) 

XaoritiuH:  Royail  Society  of  Arts  and  Sciences,  Port  Louis. 
Moiaiubique:  Sociedail  dn  GeograRa,  Mozambique. 
Mtiieo:  Packages  sent  by  mail. 

NevCaleilonia;  Gordon  &  Gotch,  London,  Englanil. 
Newfonudland:  Poatmaster  General,  St.  JoUua. 

^'tw  Sooth  Wales:  Government  Bonril  for  Inter  national  Exchanges,  Sydney. 
NttberbuidB:  Bureau  ScientiAque  Central  Ni^rlaudais,  Pen  llelder. 
>'«1F  Zealand:  Colonial  Hiiseum,  Wellington. 
Nicaragua:  coreCaptain  J.  M.  Donr,  Pauamu. 
^'orway:  Kongelige Norake  Frederiks  Universitot,  Cbristiauia. 
Pmgnay:  Government,  Asuncion. 
Pern:  Bib] iolma  Nacional,  Lima. 

Piiilippine Islands;  Boysl  Economical  Soii.ty,  Miiiiilii. 
Polynwia:  I>epartraont  of  Fon-igu  Affairs,  Ihmoliilii, 
PortDgal;  Bibliotbeca  Nacional,  Lisbon. 

U.  Mis.  lU 5 
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iovi'riiiiK'Ut  Mul<H>r»Io);><-iil  Olinprvalor.V.  IlriHUauir. 

itMiiiiii  ItiiMKe  deit  )^i'Iiiiii}Ci-h  iDtttrniitioiiiinx,  Bililiiithi-qiii^  loip'ria 
t.  FetcrHliiirt;. 

ir«i-tor  Oenorul,  Aniiy  Madic^ti  l>e|>nrtiiie]il,  l.Diitloii.  Enj^liiml. 
Miiwii  Nitcii>uiil,  Hau  Salvador, 
t  HM  (ii-nnany.) 

lu:  UoDural  Pout-Office,  Adi'Iaiat-. 
■ilitiiila  do  Ci  unci  118,  Ma<lrid. 

{liKa  Bveimka  VoteiiBknpn  Akaditiiiicu,  Stockholm. 
Oiitrol  Library,  Bern. 
ynl  Kocioty  of  TaHinania,  Hotiarton. 

rlcuti  Iloitnl  (if  CoiiuuiaHionont  for  Foreign  Miasious,  Riistoii. 
:-iiiii  di!  npinmito,  KcpHrto  y  Cutije  Internnriunal,  Montevitlm, 
lllvorHify  Libmry,  (^arai-as. 
lie  LIUi'itry,  MuHeani,  and  Nutioiiul  (julleTy,  Helbouruu. 


f/e-  lo/oreigi 
Us  to  of 


,    IK  I..IKT  l:t,  Novprnlwr  Itt,  I>.«-mber  1«,  18»l ;  Jannao'  '»■  Apnl  6.J111" 

.,  July  K.^'i,  AiijciiKllS.SrplrmbcTV.  Ortnb«r3.  lt.3T.yDVEnilH!rG,llS, 
I  Ihoi-iulirrl',  i;,23,  ll«l^  Jauiiiry  13,2:>.  Frlinury  3.  tD,  IT.Hwtbl.l' 
I      11,  l::,:^\£l.  .^piil  II,  IS.mMuy  J,=l.28.Jime3],30.l8»'i. 

.|  ItrtolK-rLM,  Niivi'IiiIht  1^.13. 1S«1:  jMtiiry  IS,  Frbriury  I.  ll.MUTli!!- 

1>.'1,>1»T  i:t.  K.ivniilBT  lO-lwi:  .luniw.v  19,  A|iril  l«.  JiiDr  H.M.lWi 

OrlolH-r  »,  ISII.Jmiiwry  », June  IJ,  ,i«.  1892. 
.     A<>;:nM  1.  S.nrml-T  IB.  IMBl  ;  JudnilT^-  »,.Illlis  IB,  IW2. 
.    JonitiT}  IK.AiiriU,Jnwl<>.  IS9^ 

(trlnlxT  13.  |!<»I ,  Friinury  II.  April  «.Jun<'  U.  30.  IKHS. 

(V'lotkT  13.  liVl :  Jminiiri'  19,  April  fi.  Jiinr  U,  ]f»2. 

XoiTnlvr  IS.ISItl ,  J.nu*r>  l-:i..Tun>>  IS.  liW:. 

Koi-rmWr  II IUSI ;  .liinn»r>-  ii  Ji>»  IB.  1892. 

AiiciiMI,^  N.orml.Tt.  IVo-mlirr  II,  IMl^  Juiurt'  2=,  Fi'l.niar]'3. 
««»h  IX  Apiil  a  Jiinv  fl.  iwe. 


i.  Ajml  .<.  JlllH-  II.  IK. 


j.ninry  IS.W.  Febrmiy  10,3,  Utaii- 
;7  Jniif  1«.«.»,  18R. 


.■i,  JS.  Kebnaty  4, 1^. 
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Jinniuy  21.  Felinur7  3, 1892. 
.    NaTemlwrl3.IMI^JnDelB,1891. 
Naremlirr  IZ,  IWI ;  Jnne  IS,  ISVi. 
.    Novenihcr  II.  1B»1 ;  March  4,  IWi. 
i  Ja1.v:i].  August Sa.Oi^lflbprn.ie. Nil' 
I      Junimry  -M.  Febrnwy  1,  JB,  Uarcl. 

'  AuBUUta,  NnvBinber*,  24.  1801;  Juiuary  10,  Kobniary  1,  ApriU.  Jiin 

10.  3U.  IMl. 
-    Notimbrr  Ifl,  IM»1 :  June  — ,  IWJ. 
(ByniiialfmlniBll) 

<>ctalier3l,  Itecrnitwrt.  I8»l;  J au nary  Ifl,  April  S,  June  11,  1892. 
.   October  £2.  Nomnbcr  24.  Uecnmbrr  28,  1891;  JaaiikO'  ^:  Marcb  2: 

April  II.  May  3.  Jhbb  3,  3D.  lae. 
-\  OrloburSl.  DocrmbcH.  I80h  JannarylB,  Aprils,  Juno  11.  I8»Z. 

Sianpu NoveoibEria.  IBBIi  June  18,  IWJ. 

Strwiy AngnstlS,  l>«tol»r23,  Denmber  It,  W,  l»l;  April  9.  Juno  9.  30,  JBK 

Pen OctnlierlJ.  ISOl;  Jauiury  19,  April  fl.  Juno  1«,  1892. 

PolTwms 0.'ti>1«r31,I89I;  January  18.  April  !>.  Jane  11.  1682. 

Psnngal  |  OclolwrlS,  Deci-nibiT  12,  28,  1891;  Febraarj  3, 


Lihtria.... 
Uriin.... 
Xn  Smith 


Bud  Colon  lei 


'  Sn  Znland  . . 


QoHiulaiid  -- 


Sag  DmnlDga 

ttaii  Salvador 


laikT^  ... 
Fnigiiay  _ 

VtanurU . 
Titimta... 


•I  OoIoImtJI,  December* 


1 ;  January  16.  February  1, 


lprilS,Juuoll. 

91;  January  21, 


.    (Indudert  in  Germany.) 

.   July  88,  October  14, 20,  November  II,  24.  DMember  J8. 

29.  February  20.  Manb  14,  IB,  April  7.  %  May  0,  JuDU  4, 3g.  1892. 
.    Octolwr  IB,  1891. 
.    Nm-Bmbcr  13, 1891. 
,    (Incluiled  hi  (fermnny.) 

.    October  31.  Di'«TOb*r4. 1891 ;  January  IB.  April  S.June  11, 1892. 
.    Ocluber  22.  N'orember  23.  Dn-ember  2H,  1891 :  January  21.  February  3. 

April9.Jutie4.18B3. 
..   July  28,  October  2U,  November  11.  24,  I)e<'rniber  28.  1891;  Juiuary  21, 

:     29,  Maroh  18,  April  7.  May  8.  Juub4,  30. 1892. 
.'  OrlnlwrSI,  NoTembrr  18, 1)eeemb«r  11,28. 1891;  JaDuni72I,  February 

'      1, 23,  Mirnh  21,  April  8.  Judv  8, 3«.  1892. 
.j  January  18,  April-.  1882. 
.1  November  19, 18111:  January  23,  June  17. 1892. 
.'  October  13.  December  19. 1891 :  June  14. 1891. 
.'  <lcloberl3.  IWl:  JaBUHry  19.  April  fl.  June  14,1892. 

1;  Jaouary  is,  February  I,  April  a,  Juue  11, 


Shipments   to  Indio,  New  Sonth  Wales,  Victoria,  New  Zealand,  TaBtnania,  and 
Crown  agents  -were  made  io  bundles  inclott«d  in  case  number  838,  June  30, 1892. 
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vere  made  on  Aiij^^nst 

.ber24,1891, 

February  29,  May  17, 1892,  to  the  GovernmentB  of  the  foUow 

1  countries: 

>  Republic, 

Colombia, 

Japan, 

Saxony, 

Denmark, 

NetherlsDdB, 

South  Australia, 

France, 

New  South  Wales, 

Spain, 

Germany, 

New  Zealand, 

Sweden, 

England, 

Norway, 

[res. 

Greece,! 

Peru. 

Tiumania, 

Haiti, 

Portugal, 

Turkey, 

Mtann), 

Hungary, 

PriisBia, 

Venezuela, 

roronto). 

India, 

QueenHland, 

Victoria, 

Italy, 

Riiasia, 

WQrtemberg, 

t,ributioD  to  foreign  countries  was  made  in  846  cases,  representing  3P3 
as  follows: 

(Republic 15 

[ungsry 53 


III  Colonies 109 


Mexico  (l.y  mail). 

New  South  Wales 10 

Netherlands 20 

New  Zealand 6 

Nicaragua 2 

Norway 15 

Peru i 

:  Polynesia * 

'  Portugal 6 

'  Queensland 11 

I  Roumania  (included  in  Germany). 

I  Rnssia J7 

I  San  Domingo I 

I  San  Salvador 1 

'  Serria  (included  in  Germany.) 

;  Sonth  Australia 5 

Sweden 22 

'  Switzerland 26 

'  Tasmania 2 

i  Turkey ^ 

Venezuela * 

'  Victoria ^ 

I  West  Africa 1 


RKCAPITULATIOS. 

femmpnt  shipments , '" 

ireltani-nns  shipments W 

■a\  shipmputs l,*"* 

pments  lost  year *^ 

rease  over  last  year 53 

Very  respectfully,  yours, 

P.  Langi.Ry. 

rrlari)  oftkf  SmilhuoHMn  IdxHIhUoh. 

puicut  made  to  Greece  on  May  IT,  18!K!. 

leoiol  Government  oases  were  seat  to  Chili  on  February  11,  1892. 
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REPORT   OF  THE    ACTING   MANAGER  OF  THE   NATIONAL   ZOOLOGICAL 
PARK. 

Sik:  I  hare  the  honor  to  Batimit  the  folloniDg  ri-port  of  the  uperationH  of  the 
Nttional  ZoSlogical  Park  for  the  fiscal  year  ending  June  30,  1892 : 

At  Ibe  close  of  the  but  year  the  park  had  but  Just  been  oucnpied  bf  the  animals 
of  the  coUeetion.  The  experience  of  the  present  seaaoii  has  been  volnable  as  indi- 
eating  (he  lines  along  which  development  should  proceed. 

The  main  road  having  been  laid  out,  the  permanent  locations  for  the  animals 
Ten  entablisbed  at  convenient  distances  near  it.  The  bridge  across  the  creek  was 
aiDtracted  to  be  built,  and  a  temporary  bridge  established  niitil  such  time  as  the 
pmninent  stmctnre  should  be  completed.  The  work  of  com)>letiiig  the  bear  yards 
■ualso  continned. 

On  September  5,  a  diaastrons  rain  storm  oocDrred,  dnring  which  Rock  Creek,  the 
■malt  stnom  that  flows  through  the  park  rose  to  a  height  nearly  equalling  that  which 
itruchedat  the  time  of  the  famous  Johnstown  flood  in  1890.  The  rise  was  eitra- 
ordiuarily  rapid,  being,  according  to  the  watchmen  of  the  park,  at  the  rate  of  6  feet 
iriUiiD  two  hours.  Within  a  short  time  a  r:avlty  10  feet  deep  was  excavated  by  the 
■tream  alongside  of  one  of  the  bridge  piers,  undermining  one  of  its  corners,  the 
lennporary  bridge  was  swept  away,  a  large  qnanttty  of  earth  and  rock  was  precipi- 
Utedftnm  the  cliff  above  iuto  the  bear  pits,  thebanksof  the  creek  wereerodedond 
1  considerable  amount  of  filling  washed  away,  and  the  roods  and  gutters  of  the 
lark  recently  laid  were  cnt  out  and  injured  to  a  very  great  extent.  The  cost  of 
npiiring  the  damages  thus  occosioued  was  nearly  $5,000,  a  snni  that  could  nut  well 
If  ipired  from  the  scanty  appropriation,  and  the  loss  embarragsetl  the  j>ark  very 
wnwilj  during  the  entire  season. 

Tkbridge  pier  damaged  by  the  Htorm  was  rebuilt  and  thin  delayed  the  final  ciini- 
plttkin  of  the  bridge,  which  was  not  finally  opened  for  travel  until  iibout  Ortoher  1. 

For  (be  same  reaxon  the  occupation  of  the  bear  yania  wan  jioatponednnttl  a  retwn- 
■DEwiJI  much  larger  and  strougnr  than  had  been  anticijiatcd  could  bn  built,  it  lic- 
iof  mnsidered  dangerous  to  place  thu  animals  in  yards  where  some  tons  of  roik  auil 
ftrth  might  fftll  after  any  serious  storm. 

Tliemain  animal  house,  although  far  from  complete,  was  hastily  propareil  for  tlio 
riveption  of  animals  by  closinj;  it  up  with  temporary  work  and  enbstituling  fur  the 
uul  roof  designed  by  the  architect  a  felt  roof  of  cheap  coUHtruction.  The  ciimple- 
timofthe  tower  at  the  eastern  end  was  defi^rrod  until  mure  funds  Hhimlil  bi^  avail- 
ible. 

Assoon  as  the  cooler  autnmn  weather  set  in  the  number  of  visitors  t^i  tlie  park 
peatly  increased.  There  was  during  eiKh  Sunday  of  October  and  until  nearly  the 
hMof  November  an  average  attendance  of  about  7,000  pnoplf^  each  Sunday,  tiie 
mmberreaching  over  10,000  on  some  particularly  fine  days.  Tlie  daily  attendance 
during  the  week  was  considerably  less. 

This  large  influx  of  visitors  tested  the  arrangements  which  ba<l  boen  made,  ami 
llicy  *r«re  foand  wanting  in  aerwal  respects.  The  bridge  was  found  to  bo  too  nar- 
"^  and  dangerous  for  foot  pnasengers.  The  road  was  in  some  localities  so  narrow 
Uut  it  beoaue  inoonvenlently  and  dangerously  crowded.  The  number  of  watchmen 
■u  found  to  be  entirely  inadequate,  and  the  crowd  was  so  great  in  the  principal 
uiiul  house  as  to  be  extremely  uncomfortable, 
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To  reinedj  thU  state  of  aOiiini  it  seemed  oec^SMry  to  pl»co  foottrnj-B  upon  the 
bridge,  U>  relieve  tbe  main  roadway  by  making  aide  roads  and  walks,  to  enlarge  tbt 
grunnd  plan  at  the  animal  bouse,  and  to  provide  more  ample  means  of  eiit.  It 
■eemed  best  alfto  bi  remove  from  the  hoose  as  many  animalB  sa  could  be  properly  at- 
coramodatcd  in(|nart«rBontaide,  both  forthe  convenience  of  the  public  and  the  bealth 
of  the  aniniulfl. 

Tbe  limited  means  at  the  disposal  i>r  the  park  did  not  permit  the  full  completion 
of  tbisplun.  New  roadwayH  weru  cat  out  and  uew  sidewalks  built,  an  addition  lo 
the  animal  boose  waa  commimctd  in  tbe  shape  of  a  large  wooden  shed  situated  on 
tbe  north  utile.    Koneof  these  were  entirely  completed  at  the  close  of  the  fiscal  yeit. 

A  grading  plan  for  a  portion  of  tbe  park  was  furnished  by  Mr.  F.  L.  OlDute<l. 
Tfaia  cuntemplateil  the  excavation  of  a  lar^ii  pond  for  aqnatiu  animals  npoo  the 
meadow  weat  of  the  bridge,  tlie  shaping  up  of  the  banks  of  tbe  creek  an<l  theirpto- 
t«ction  from  erosion  by  means  of  riprap  and  the  foruiation  of  a  smaller  pond  to  th« 
north  of  tbe  road  near  the  main  entrance.  Itut  little  of  this  could  be  done  during 
the  year,  the  eip«nHe«  of  preparing  the  wint<T  qnartcre  of  tbe  animals  iK'iiig  mdi 
that  all  surplus  funds  wi' re  exhausted.  It  was  indeed  fouud  necessary  ti>  limit  iIif 
eiiienditurett  to  tbe  barest  uecessities,  and  although  an  uldttiooal  apjiropriatiun  "I 
91,000  was  made  by  Congress  it  was  with  difficulty  that  tbe  park  was  iiiaiotaiued 
nntil  tbe  end  of  the  year.  Tbe  force  of  employfii  waa  reduced  to  tbi^  lowest  posai- 
ble  uiimber,  and  every  device  was  used  to  insure  the  strictest  and  most  parsiuioiiimu 
economy. 

The  BcantinesH  of  tbe  reaonrcus  of  the  park  made  it  necessary  to  postpone  any  pni- 
chases  of  animals,  and  the  collection  has  thurefnre  increaseil  but  slowly.  There  were 
on  June  30,  Unliving  animals  iu  the  collection,  of  which  XX  were  mammals,  G3  binLs 
Mid  65  rejitiU-H.  A  ciihilogue  of  tlio  additions  matlc  is  appended  hcrutj>.  Niuety-»ii 
animals  have  been  presented  to  tlic'  park  during  the  year,  i>f  which  43  wen'  inwi- 
mals,  26  hirtU,  aud  27  reptiles. 

The  inanfflcjeiit  nature  of  the  temporary  ciuarters  in  which  it  has  been  neceiwaiTto 
keep  the  animals  has  ted  to  a  considerable  mortality.  Besides  this,  it  ia  found  iliat 
many  specimens  do  not  survive  the  fatigue  and  excitement  of  the  Journey  iiecesanry  <o 
reach  tbe  pork,  and  they  surcunih  shortly  after  their  arrival  here.  The  most  alum- 
Ing  mortality  has  lieun  that  of  the  hears,  two  of  which  died  from  injuries  received,  Ino 
others  from  pnlmouary  trouble.  While  the  bear  yards  are  certainly  pictiiresqiiu  iinl 
oiFitftivo  from  tbolaudsi'apearcliitect'spoiutof  view,  it  is  bclioved  that  tliey  arenol 
now  proper  sanitary  dn-ellingH  for  the  animals,  as  they  are  constantly  damp,  are  t»> 
cold  in  winter  and  too  hot  in  sumniiT.  It  is  intended  to  take  meiiBureH  to  rcuifldy 
their  defectM. 

Owing  to  the  small  number  of  watchmen  ni:ccsaarily  employe<l,  one  of  the  htta 
escaped  by  clinibing  up  a  nearly  per))enilicu)ar  wall  over  .50  feet  high.  He  was  piir- 
saed  and  an  attempt  was  ma^leti) capture  him.  Thin  was,  however,  unsncccssfal  mul 
it  was  found  ueccssary,  finally,  to  shoot  hitu. 

The  elephants  have  coutinneil  constantly  to  gain  in  weight  since  arriving  at  llie 
park.  "l)nuk"now  weighs  7,200  pounds,  having  gained  l.tlOponuds.  "(ioldilnsl'' 
weighs  itVJO  pounds,  having  gained  860  |)ounds. 
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.    Un.  nrailri.-kiH)n.Alpxni»1H 

.'  Kn»Kn  IJiiKct  tt'.-lle.,Jr.,  T.; 

t;ai>t.G.«:.JVwor,Sanrarl"-, 

.    1^M.I.n'.n■>c'klilll<l,Ta 


Ssinrox II.I'MriMn.'WanbliigtoD.D.C' 

Coli-iniinii C.O.CIienmIt,  Jorsiiy  Citj-.K.  J 

bcuoa Prof.H.A.lVard.KochMler.N.Y 

Wo Mii«M»rgan-t  Kicwit,No]teavillr.Va 

Do j  MiKKBes.irElliut.WMhinglou.U.C    

btkbtar '  J.ItTlioinM.Whmler.JJ.C 

Ito ''.S.Hn.vi'i^AiiiK-MiiruhO.C 

Uiiitly  (lUT <^p[.(i.S.ADili<niiin,lluinniothITotSprinK».  Wyi> 

Pmwj I  H<Hi.K.M.ltartl.-m»ii.(^™a.,VfiiMuo1n 

&*ii Hon.J.H.Sttrin.SHwYorkClly 

VirfniiidM'r ThaililenflKurbfr.'Wblti!  Sulphur  ii|iriDpii.VH 

Un U.W.M>iflel<l.BaD|iur.M« 

Snih  AiDrriniD  ilrer Hon.R.  M.Ilu1li-niau,riirAru.  VimrinrU 

C.V.  Kilty,  Waahiiigloii,U.C 

Fn EimiguKugrrWolli'aJr.,  U.S.HoTy 

IfHti Hon.K.M.Kart1™i>n,Ciicor«i,Vi>UiHui)lB 

D» Ur.  UreavH.  Port  or  Spmn.  Trinidad .  

Do Ensign  KopT  Welles,  jr..  C.S.  Navy 

IniHuen;  Hiiiiml W.  H.  Volasdt,  Wa*hiD|ctan,  t>.C 

niiDtiqnlml Ralpii  Sari*.  Mount  Pii-iwant,  D.  C 

PT>iri>4i>g HliME<lltbA.Baniva,S«lbIwk.MBr>'lan<i 

ffiBWrnei -T.  A.l!nbert,Waiiiiln|{ton,  1».C 

ITbifcral (■.C.Zahii.WaahinKliiii,  D.C 

iiaadillo Wm.  Tajlnr.  San  llit'g.i,  T.-iai. 

Dv A.C.Dnwna.Realit.w.Ti'Mi' 

Du I-ror.  R.  T.Hill.  U.S.UeolngiramurTey 

Do I  Hon.  R.  K.  Uartlemen.  Caracaa.  VenpHiela 

OfHsna j  W.H.Bab««l(.Ta«hinBton,  I).  C 

Da  S.D.  Caldwell.  BMheaeta,  Mil 

Do J.W.HowleW.Wiwhlngton.D.C 

Do I  Pmaiilent  KarHaoo.WtuifaliiKtan.IXC ., 

Mdrp  ragle Capl.  H,  H.  Darbaur.  Wanhiugltai,  U,  C 

BaUM^le .' CaChenBnll.JrrwyCily.N.J 

SfBinw  haiili <[.Boegi)!ioli.W««1ilngt<.D,D.C. 

PigtunbBWli E.C. Call. Laurel. Mil.. 

Hanbli»k E.  B.  Clark.  \Va»hiD6ton.  11.  (; 

Ho O.h.  Coleman,  WR«liini[t"n,U.C 

IID <;,  W.  Hitnpmn,  Wiiabluglun,  I).  C 

■to H. W.Mf<l™rgi'. Waahinir(oii,l>. i; 

WolallM  hawk -.   .I.L.  l>avl«in,  I>irkport,N.  Y 

bawk -.    l>r.T.E.Biiil<T.(lli-n  Allon.MiHH 
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Suiilhm  oraae I  Mn.M.C.Reidell.  Orlando.  Fla 
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Do Latla  Griawold,  Washinp™,  D.  C 
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.    Stem 


n.D.C  .. 


Do Sir  Julian  Panneerat«.Wuhington,D.' 

Do '  U.&FI»h  Commission  (loannl) 

Do S.  C.  WiUlama,  Washingtan,  D.  C 

CMman Enaign  Reger  Well™,  Jr..  r.S.N 

Sofl^lielled  Inrtle 

Snapping  lurtle R.  T.  Leipold  and  A.  U.  Reek.  Brsokald 

Do  

Turtle C.  O.  Chenanll,  JoTMy  Cilf.  N.  J 

tliiirk  iDaltyllurd Dr.  U.  U.  Crooker.  Fort  Uf^re.  Arii 

lliimni  lowl A.  T.  Gage,  Washington,  D.  C 

!>.■ Dr.  K.E.C.Steaniit,SanDiei;aral 

DIanioBil  ntlWnnkr  . 


Ilnn.kr 

,.ll«n.ko.... 

<'upt.  Ili'nry  Ronieyn.  Momil  Vit 

"uIlarRuLs.Abi 

. 

Dr.  Z.  T.  DanleK.  Cbrvenne  .\fB 

V  l>akota 

t%bpl.  Ilenry  Rome.vn.  Uou 
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I.itl  af  aceeuion: 


Barrigndo  (lAjTOtAru  kumAolcCd't) 

C^purbiD  moDkry  ((Mu  (afmcinui.)- , 

SAp3«JDDa]{  <?«^nj  AypolffTtfitf) .  ^ 

Dunk  all  {y^gftipiiJitic^iM  ttitirgMtu} ,,. 

Treln;  (C%ry*i/Uru:K<tirnu) 

MarmoArt  tBapalrjarrtmi 

U«o  l^-clmfba) 

OT«:i.t  (fcUipardalif)    

Anerinui  Wildral  (£»M  tVuil 

K«l  fox  <rHijm/KlpM) 

Arrtlc  fox  iVvlpttlvgoputl  — ,.....,, 
Gray  fox  tVvipft virffinianv9}  ..-.-..-. 

s«>n  roz  I  rutfvi  ifioii 

AiBflnr-BU  badger  ( rozittoi  atfvriearta) 
ik  rlf^ftifumri^ihfa)  ,, 

Giiaiij  b^ai  irttuikorribiiUi 

Black  burnt  (Urnu amtTitaniu) 

PuIkt  bear  ( rOolauarcla*  moritimiuj . . 

itmiccfOD  i  Pr90jrOH  Uitar)  _ 

CaailniDDdi  (.Vuua  iVai  

Cnall-munili  (.Viwuii  iian«i). 

KJDkajDii  {OrwIipbiraiiifivDtmiiM)... 
Z«bQ  (Bat  indicui) 


u>  . 


Vir^iaia  iit*r  l  'isnae 

Swilh  AnrHcan  •Iter  ir«ui<uip.) 

lfc»H>  (Alrrt  iHadilil) 

CoUarHl  perrtry  IIHeoljilrtlajaj;u) 

FtrlDg  aquiiTrl  {Saiuroptfnit  tolverUai , . 

Aiitoam  gray  wiuiml 

Suiped  copber  <£pmnapAilu(  Iridrdm- 


K  «'V' 


■  iVattor  caimtUnait] . . 


Trrr  pomipiDB  tSvnlltrrit  prtktntUU 
Cii|ivb«ra  |  f/tfilrc4A<«rut  ea^^V^mt  ■ - 

Pica  ICirtogrngt  paea} 

Agopti  {natvpTottaaguUi 

AnHicby  {Datuproela  aeovrhy} 

Gvioai pte  tCotia apnra)  


Opcwsmii  iIHde[phy9  virffiHiaita) 

Bald  eagle  ( Ualixrita  Itucvap^alim 

Sfuirrvw  tihwk  (Falto  tjrarv^vti .-.-,-' A 

Vigem  }awk  IFaleo  eolumbariuit 

'    RiMl-Ulled  faftvk  <Buf  s  boTAiItO I 

Manh  liAwk  ICKrcut  hudtrmititi ! 

Barred  »v1  (Symium  ntbahmmi 

Screei-h  owl  ( Jffjnwco|n  iHio> 

Auutlrna  ia»gple  trita  pifa^vln>niea} 


wfCtn 


woodprckor 


■,  Golrlei 


I  Puirakeet 

Greeted  i:uras»ov  (Crax  atfftor)  ......... 

Itlaikerowned  night  heron  I.Vi/itworor 

licurlvt  ibla  (Guara  ruAni) ' 

Wblix  ihta  (Oaara  alba} I 

'   GaUDHt  ISvIa  battatta) 

AiUnator  (  AUiffator  taiHiHipjritntU) . . . . 

CaimioKJacartKUnpi) I 

'  Safflv-noatnrtlefAiipidBHteUi/tna)  ..' 

l^Hinh-d  tiirlli'  (  Chryemyi  piria) 

I    Murbli-d  iwIyohrUH  (Petyehrut  laanior-, 

HonuM  tond  (  PhrffuoMirtna  tUmfflaani)  . 

Suiilli  AmBrlrnntiunlaCiin.niiiHed} j 

I    VaniiiA  laXiWmake  ( Crntaiiu  honiihii)  .\ 


Cnpperhoail  ( Attriilri-iim  ennlnrtril)  . .. 

•  KiagntakafOphOialaigtluhiti 

ItlngDM-knl  nrui:iLK(  THadnt'hiipanrlaUiii 
Block  Hiioke  rBiiTn'linin  cmtlrMw). . . . 
Cuadiwliil.  Bn»ke  (Bn.raNi„m  fa-jtU, 


oiiinioii  Iku  (Boa  cuimtrf ''tort 

.niu'iitiila  (Bvntnn  nvriata) 

artiT  HDakD  f  £u(a7i£a  Wrfold ). . . 

Bll»k»  (IlrttodailflBliirh: 
ilhAnioriniitmink.'Hdiuii 


i  HoR 


ixith  A 


Reepoctfully  Bubniitleil, 
&«crel«ry  S.  P.  Langlky,  SmithMottian  Intlilut 


Frank  Kakkk,  deling  .\fanager. 


-i.M'thb 
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have  ttent  complete  liata  of  all  their  academic  publicu- 


Buel, 
Beni, 

CbriNtiania, 

ErlaoRen, 
KreilwtR,  Br,, 
Giessen, 
(■•Ittiiigen, 


Halle  a  S., 
Heidelberj;, 
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Kiel, 
Louvain, 


Murbarg, 

StrasabuTg, 

Tubingen. 


The  folluvinK  publlcatiouB  have  been  lulileil  to  the  IJHt  of  ri'^ular 
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York. 
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1).  C. 

iaupfican  Cyclint,  Hartford,  C«mi. 

ADKriotn  KloriBt,  ChieaKo. 

Amrricwi  UkrdeninK,  New  York. 

Amrriciiu  ,leweler,  Chicaeo. 

AntArii-an  Journal  of  Philati-ly,  New- 
York. 

ADKiicaD  Kstnralist,  Philutlelpbia. 

Amrrican  Xotes  and  (JiierieH,  PhllHilel- 
pbia. 

Atiklele  Academa  Rouana,  Bacbnreat. 
Ainlra  de  la   L'niverBidad    CeDtritt   del 

Ecuador,  (jnito. 
AttlFfl   lie    la    < 'uireraidoil    dc    Mixite- 

InunBibliotecaNacioual,  Rio  Janeiro. 
iiulcn  del  Fbysik  mid  Cheoite,  Leipitic. 
inBairs  de  Chiniie  et  dc  Phyaii|iie,  Parin. 
Aniiain  of  Scottish  Natural  lliHlory.  Kdiu- 

.AiiDiiaire,Soei(-b<dDai<tndeHJaiveH,  ParJH. 
AounMre    ianu^lite,    Socii't6  deH  ^tiiilen 

jnire«,  Pari  a. 
Annuaire  .Statiati<[iie  dcs  Pays-Bae,  Aoi- 

■tenUm. 
Annnal    Rirport     A){ricu]lnra1     Itnreaii, 

AilelHido. 
AdpdbI    KopOTt  ChiNwick    Fret>    Public 

Annual  Report  Department  of  Agricnl- 

tnre,  BriBlmoe. 
Ananat  Report.  Dep't  of  Miuea,  Sydni'y. 
Anonal   Report  Gordon  Tccbnicat   Col- 

\'gf,  (ieofong,  Australia. 
Annunl  Report  and  ProajiectiiH  Kehoi)!  of 

Hiii<-K,  Stawi-II,  Australia. 
Anniiariu   Seoloetico    Kegia   rnivcraitil, 

Auniiario    KocietA   Reale    Acadeiuiii    ili 

Arebeelogia,  Naples. 
Autiqnitateu-Zeitschrifl,  Straasbnr);. 
Anaario,  Asociacioii  de  Ingeuieroa  liidus- 

trulee,  Barcetooa. 


Arcblef  Zeeiiwech  OenootHcbap  der  We- 

tenHchappeu,  Hiddelbart;. 
Archives  des  Sciences   BioloKiiines,   St. 

Petersburg. 
Argils  Annual,  C'ajie  Town. 
Army  nnd  Navy  Juuitial,  New  Yurk. 
i/Art  et  t'iilf^,  Paris. 
ArtiNt  Printer,  Chicago. 
Ateneo  ItalJano,  Rome. 
Atti  Societit  Reale  Acciidenila  ili  Arohe- 

oloeia,  etc.,  Naples. 
BabyTonian   and   Onentnl   Uei-onl,  Loii- 

Bnct«rio1oKical    Wi>rld,     Battle    (.'r(>ek, 

Michigan. 
lIuptiRt  {Quarterly  Review,  New  York. 
Beibliitter  zu  den   Aunalen  dei'  Physik 

iinil  Cljenio,  Leipsir. 
Bergman  I  IS  Kaleiider,  Saarbrllckeo. 
Ilencht  des  akadeuiiaclieu  Veri'inH  dent- 

Bcher  Historie,  Vienna. 
Bcriclite    iler    bayeriscben    liotniiischen 

Gosellscbaft,  Munich. 
Berichte     der     duntsclien      rheniiechen 

GesellBchaft,   Berlin. 
Bible  Advocate,  Birminghaiu. 
Bible  Koricty  Hi><'onl,  New  York. 
BibUograpliie  des  Travanx   llistoriqiies 

et  Archi'olOEiqneH.  Paria. 
Bthliutheca  Philologica  Classira,  Iterlin. 
B  icy c  Hug  World,  Boston. 
BlackKinith  and  WbeelwriKbt,  N.  Y. 
Ulack  world's  Edinburgh  S^gazino. 
BiKiy  anil  Soul,  Cardiff. 
Boletim  de  la  Socieda<le  Bruteriana,  Co- 

Boletim  Socicdaile   di>   lieogra|iliia,   Rio 

Boletim  de  Agricultum,  Mineria  e  Indua- 

trias,  Mexico. 
Boletin  Bililiograjiliico  y  Ea<!Ola,  Mexico. 
Boletin  de  la  ^Htitucioii  Libre  de  Knae- 

fliiD/A,  Madrid. 
Boletin  de  la  Real  Academia  de  Cienctan 

y  ArtoH,  Bareeloua. 
Boletin  de  la  Sociedail  Geocriilii'a,  Lima. 
Itollettino  Meunile  della  Silnnzinne  dei 

Conti,  etc.,  Rome. 
Ilollettino    delle  Pnbblica/ioui  Italialie, 

Klflieuce. 
Bollettino  della  Reale  Aocadcmia  Medica, 
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BoUettino   della    SocietA    Adriatica    ili 

Scienze  Natiuali,  Trietite. 
BollettiDo  della  Society  Ai  Naturalisti, 

BoUettino  della  Society  Bomana  p«r  gli 

Stadi  Zoologira,  Kome. 
Book  Bnyer  and  Seller,  CiDcinnuti. 
Book  Shop,  Mew  Yurlt. 
Books,  Denver. 
Bnuilian  Mueionx,  Brooklya. 
Breeder  and  Sportsman,  San  Francisco. 
British  Naturalist.  Hartlepool. 
Baletin  Societatea  (ieografica  Romftna, 

Bakareat. 
Bulletin  A£ronautiqiie,  Paris. 
Bulletin   AKTiciiltnral  Kiperimeiil   Sta- 
tion, Keuo.  Nevada. 
Bulletia      Asaociatioo      Polvtt'fhuiqiie, 

P«ri8. 
Bnlletiu  Astronoiuiqoe,  Paris. 
BnlletiD   or  the   Botauii'al  Di>partiuent, 

Kint^ton,  Jamaica. 
Balletiii    CommisHion  Arclii'olu^^iijiii'  d« 

Narbonne. 
Bulletin  Cornell  University  Ex|>erimenl 

Station,  ItbacD. 
Balletiu    Department    of    Agri culture, 

Toronto. 
BnlletJn    of  the    Geolo^cal   Society  of 

America. 
Bnlletin    of   tho  Library  anil   Mnseum 

or  Laurent  College,  Uoulreal. 
Bulletin  Menanel  des  PulilicutiooH  Ctrau- 

Bnlletiii  Mensuel  Statistiqne  Munieijiale, 

BneuoB  Aires. 
Bulletin  du  MiniHtiTH   de   1' Inst  rue  lion 

Fubliqiie,  BmtiselH. 
Bulletin  Aew  York  Mathematical  Societv, 

New  York. 
Bulletin   Ontario   AgricultuKil    Kxperi- 

ment  Kann,  Toronto. 
Kiilletin    Pennsylvania     State     Colltige 

Aicricnltiiral  Kxpcrimeut  stntiou. 
Bnlletin  Soeii't^  d'Agricultim  dii  mpt. 

du  Cher.  HiiarKci). 
Bnlletin  At-  la  Socii^ti'  Fmn;ais<'  ilu  Phy- 

Biiiue,  PnriH. 
Bulletin   de  la  8nci<<t^   d'llistoire   ct 

d'Archikiliigie.  Geneva. 
Bnlletiu  de  la  Soci^tt'  (I'lrnrtictnlture  ilti 

Doiihs,  BcHancon. 
Bulletin  Soiii't.'  KnyaleLiiin^nne,  Brns- 

M-lS, 

Bnllrtin  Soci^tii  ^e  Statistiqne  ili-n  Sci- 
ences NatiirelleH.  Grenolili'. 

BuletinnlOlHtervatinmilovUeleorolntfici 
din  Komaiiia,  Biicharent. 

Bye-lioueH.  Oswestry,  Kiifcland 

Ckluliria,  Munteleone,  Itnly. 

Caiul>ridge  ITniversily  Keporter. 

Canadian  Bee  JuuniiU.  Breton.  Ontario. 

C'auailiuD  KntomoloKi^t,  London,  Onta- 


Canadiana,  Montreal. 

Caps  Times,  Cape  Town. 

CapibUe  (now  L'L'ni  verse  lie).  Paris. 


EEPORT  OF  THE  SECBETARY. 


Carpet  and   I'liholstery   Trade  Review, 

New  York. 
Carpentery  and  Building,  New  York. 
Curler  Dove,  San  FrauciBCO. 
CtMopis  pro  prumysl  chemicky,  PniiK'"'- 
CttAsier's  Uagazine,New  York. 
Ceaky  Lid,  I^gne. 
Chinese- American    Advocate,    Philadal- 

phia. 
Christian  Recorder,  Philadelphia. 
Christian     Worker,    Mauc tester,    Eog- 

Cbronique  InduBtrielle,  Ptuie. 
(,'kiireh  and  Home  MagaEJoe,  London. 
Chnrck  I'nion,  New  York. 
Circular  System,  Oakland,  California. 
Circular   Leland   Stanford,  Jr.,  Univer- 
sity, Palo  Alto,  California. 
Ci%-ics,  New  York. 
Civil  Service  Record,  Boston 
Clay  Record,  C'hicago. 
Clay  Worker,  ImlianapoliH. 
Collector  (monthly).  New  York. 
Collector  (semimonthly), New  York. 
Collector's      Monthly,      Danielsonvillf, 

College  Echo,  Austin, Tex. 
Compass,  New  York. 
Comptes  Rendus  de«  Seani-ea  de  la  Social* 
Am^ricaine,  Paris. 


Conchologist.  St.  Andrews.  Srotlan<1. 
ConKO  Dlustr^  (Le).  Bmssels. 
Contemporary  Review.  London. 
Contrihntioo8llistorical8i>cietr,  Helena, 

Mont. 
Ccimhill  Magazine,  London. 
Cruuk,  Ithaca.  i 

Culture,  Bombay. 

Ciiirent  Review, New  York.  ' 

DarkeKl  Russia,  Limdon. 
Dedhaiii    Historii-al    Register,  IVdlwin, 

Deutsche  Zuckeriiidustrie,  IhTlili. 

Discovery,  London. 

Documente  privitor  la  Istoria  Koniauiliv 

cule»e  do  Kniloxin,  Ai-ailenii»  Koiiiilni. 

Bucharest. 
Droit  d'Antenr  (t^),  Berne. 
Ecclesiastical  Chronicle,  I.«udim. 
Echo  Polyglotte  {L'),  Paris. 
Ei'ouomiHtn  EspaAol  (El),  llarrelon»' 
Ediiihurgh  Review,  Ediuburiih. 
Electric  Power,  New  York,  , 

Electrical  Enti'rprise,  BuatiHi.  I 

Electricity,  Now  York. 
Elektricbextvo  Zbiirnal,  St.  Pet^islin^. 
Electrotechuischo  Rnnttsi-hau,  Kr;uifcf"r' 

(>.  M. 
Ell  touio  III  gist's  Rpconl,  London. 
EnKszeti  I.,upok  Kozlonye,  IIikIiiih'xI. 
EsotBric,  Ai>]itegat«,  Caf. 
Experiment  Stirtiun  Bulletin  (U. S.  iwr*- 

of  A jfri culture). 
Experiment  Statiou  Record  (IT.  S.  1)^*^ 

of  Agriculture). 
Fanciers'  Jonmal,  Philadelphia. 
Farben-lndustriH,  Berlin, 
Farm,  Field,  and  Stockman,  ChicaS"- 
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Fumen'  Bulletin  (II.  S.  Dept.  «f  Agri- 

caltnre). 
Finn*.  LiiioubiitK' 
Federal  Reporter,  St.  Pnul. 
F«iii8chsu,    Hitt«iscliireizerUcbo    Cioo- 

^nphiiiclie  Ccmincrcielle  Gcaeltscbaft 

Finsnrial  Worlil,  BMlon. 

Fortnicbtly  Review,  LoudoD. 

ForlwEritte  der  Physik,  Brrlin. 

Fnnco-GsUia,  Cnneel. 

Kimoh  and  Oerman  Echoes,  London. 

GrcloDg  NatuTalist,  Geelong,  AuBtralia. 

(Ifwerhehalle,  New  York. 

G««Btbe«cha.ii,  Dresden, 

Great  Divide,  Denver. 

(inide.Gluagow. 

Hipi«f(oh,  BultimoTe. 

HwDMa  Gazette,  Borne,  N.  Y. 

HdiiK,  Frankfort  o.  O. 

Hide  and  Leather,  Chicago. 

Hiiti*  Modeme  Hiiiwer,  Berlin. 

HoiitiDg.  StMnford,  Conn. 

Hntneanil  Conntry,  New  York. 

HoBW  Cheer,  Kuw  York. 

liYiDil  Refiigeratton,  Chicago. 

niottrirte  Welt,  etiitt|];>trt. 

lawkten-Borse,  Leipnic. 

httbuctor  (El),  Aguaa  Cftlieutes,  Mexico. 

Internationale  FateDt*Zfitnng,  Berlin. 

InTcotars'  Review,  London. 

laibjeiger,  Kiev. 

Iowa  Srhool  Jonmal,  Dea  Molnen. 

Irish NaturftliHt,  Dublin. 

Irrigation  Age,  Denver,  Colo. 

iiva  Belt.  Roanoke,  Va. 

J«htMbericht     Oeogiapliiar.be      Getwll- 

Kbaft.  Bern. 
Jihmberichte     Verein    fUr    KrilknD<le, 

CmwI. 
Jniih  Mesaeni^r,  New  York. 
JwnalofCoraparativo  Neurology,  (irnii- 

tilte.  Ohio. 
Jooiulde  r£rlairago  au  Gn7,  Paris. 
JMrealof  the  EngineerinK  Society  of  the 

Lchieh  Univoraity,  Betlilohem,  Pa. 
J«amaT  of   the    Institute   of   Jamaica. 

KingntoD. 
JniTDal  of  Medical  PhJloanphy  and  Prn<'- 

liee,  Philadelphia. 
Jmnialof  Philately,  New  York. 
iraroal  of  Philology,  Cambridge,  Eug. 
JDonuil  of  the  Polyueaiau  Society,  Well- 


ington. 
Jooraal  uf  the  Society  of  Dyetn  and  Cul- 

i>rin»,  Bradford,  England. 
Jfliimal  of  the  U.  S.  Artillery,  Fort  Mon. 

hienile  Magazine  for  the  Young,  Lo 


'eraity  Quarterly,  Lnwrenc 
New  York. 
I,  Monnt  Sterling,  Ky. 


KnoTledEi 
K.T.S.Si    _,  ___ 
UiilwIrtbHchaftli 
!*thweiz,  Hem. 
Library  Record,  Jomty  City. 
IJKbt.  London. 
UUtngntpber,  Lonilon. 
Utbograpben'  Journal,  I'biliulelpli 
Uttell'g  Living  Age,  Itost^u. 


Litterarischer  Merknr,  Weimar. 
Locomotive  Engineering,  New  York. 
London  Quarterly  Review,  London. 
Longman  8  Magazine,  Loudon. 
Hanufactnrer  and  Bnilder,  New  York. 
Manufacturers'  Engineering  and  Export 

Jonmal,  London. 
Marine  Rnndnchau,  Berlin. 
Marine  Verordnungelilatt,  ISerliii. 
Matl'riaui  et  Docnmentx  d 'Arc hiti'<' Lure 

lit  de  Scnlpturc,  I'ariH. 
Mcddelelser  fla  Carlberg   Labonilriiriut, 

Cop<:nhagen. 
M^inoirea  Soci«t«^  Royalo  de  0(k>grapliie, 

Antwerp. 
Memoira  Itritish   Antrononiicnl   Awocia- 

Memorias  Sociedad  CfentiRca.  Mexico. 
Meniorie    Societil   degli    Spettroscoptiiti 

Italiani,  Rome. 
Mercurio  Occidental,  Onadalajara. 
MeteoroIogiclieHkija   Nobljndenija, 

Odessa. 
Methodist  KpTiew,  New  York. 
Milling,  Indianapolis. 
MineralogietH'  Magazine,  Jersey  City. 
Mineraln,  New  Vork. 
Minerva,  Rome. 
Minutes  oftho  Managing  Committee.  Pro- 

vineialMusenm,  Lueknow. 
Mitteilitngen  ans   dem    gesammteu    (ie. 

biete  der  engliscben  Spraclie  nnd  Lit- 

Mitteilungen  der  Vereinigung  von  F'reun- 
den  der  Astrououiie  nnd  koemiecben 
Physik,  Berlin. 

Mitteilungeu  VereinsfllrKimtttnndAlter- 
tbiuu,  Ulm, 
Mittheilungen    von     F.    A.    BrockhauB, 

Mittheilungen  ans  deni  Gel>ieto  der  anee- 
waudten  Naturwiiweuschnften,  Schim- 
berft,  Moravia. 

Mittheilniigen  di'H  oruithologiHcheii  Ver- 
eins.  Vicuna. 


'  Htatistischen   .\m 


Mittheilunge 

Dresden. 
Mittbeilungcu  dee  Verbandes  dentitcber 
Arobiteklen  nnd  Ingenieure,  Berlin, 
I  Modern  Language  Montblv,  London, 
!  Modern  Miller.  Kansas  Cit;)-. 
I  Monatsblatt  der  numismatischeii  (ii-Hrll- 
I      schafC,  Vienna. 
:  Monitor  de  la  Educacion  Comun.  Ilnenoa 

I  Monthly  Bulletin  Colorado  State  Weather 
I      Service,  Denver. 

I  Monthly  Bulletin  Texas  Weuther  .'Iitv- 
,       ice,  (ialveston. 

I  MonthlyClironicIeof  North  Countrv  Lore 
and  Legi-nd.  Newcastle  n.  Tyne. 

Monthly  Weather  Review,  CaleuttH. 

Monvenient    Antirsclavaniiitfl,  l!russcl«. 
!  Xahylki  Hibliot«ki,  Crac.iw. 

Nnrragansett  Historical  Regiiter,  I'rovi- 
i      deiue. 
'  Nasha  I'LHtsba,  St.  I'etcrsburg; 


REPORT   OP   THK   SECRETARY. 


Nationiil  D'Htpors'  Jnuranl,  Butfulo,  X.  Y.  ' 
NMionul  Kdiicaior,  Allentown,  Pa. 
Nitliiiuiil   Mnuitur  nf  Poultry  ami  Pvts, 

fort  W»fae,  Ind. 
Nfttiirnl  Sri(-nce,  Lomloii. 
Natnr«  (La),  Paris. 
Noptiiilin,  Venire. 
Neue  Mitt«Uiiii]ceu  aiis  di-m  (iebivte  der 

hiBtori»eh-antii]uaTiiicheii    FuTschan- 

gcii,  Halle  a  S. 
Neue  Pliilolojn'M'li''  RBinL«lian.  (ioili:i. 
New  .lerniutlnn  Mittraiiw-  Bhsivq. 
N«w  Naliiiu.  Rhsiou. 
NVw   Y..Hi    SMf    l.i).«r.    !l;:>t:a.  .U- 

haay-^-V. 


PabltcationeD  ilea  Koniglicbeo  Maseim 

filr  Natorbunde,  Berlin. 
PnblicatioDs  of  Dr.  Olseu. 
PnbliratioDS  Section   de   Mosroii   de  k 

Soei^M  Imp^riale  Technique,  Mosctw, 
Pablirationa  rniversity,  Vii'noa. 
(joarterly   Bulletiu    American    CaHiolit 

Hisl.  Sociefy,  Phil».lel|tliLa. 
Voarterly  Review,  Lontloii. 
K»P«in  SHnpra    activitatei,    AKailemia 

Kum^na,  Biikarcst. 
Rapport    Ecnlo     Poivt«rh[iF,iim    (JiiW, 

Bern.  ' 


-    E'-JCT 


|-,.iiu;i'    .kii'l    l>>v>'t.kLii>;;.  Pbiliulelphi:! 


..h...      l\.ii,-«|...ndpui,    Vi- 

iiiimuii-u,  Mi^awaka. 
il>.<  r»ll>«Hr»ld  Nainrttl- 

hu.  ri»-ii>-uiiHii>. 

ilii>  .viit'ii>ty  of  .Vutiquu- 

M).ii.'l|i.1.l.|.-l.'iiija.Kliimii. 

Il.ill.'lm.  l.iM  .Xii^fleH. 
ln«il    I  iilM^rHily,   Altn-d 

I  ilu'  Ait'liitto'liiral  Ammi- 

>!i!!  Ill   IM'.S.Am'ivJlliiix. 


h    .■ilKiiltlWIif  Ak»d(>- 


Kefurmed  C'hun^li   Sleascnger.   Pbilaiirl 

Reformed  (JaarU-Hy  Review,    Pbiladtl 

phia. 
Befentu"  Bulletin,  X.  Y.  Statu  Librin 

Allumy,  X.  y. 
Rcliido-Pliiloaopbical  Journal,  Chinga. 
Si!n<li.'t>Dti  SocietA  Reale  Arcademia  <li    i 

iri'lirologia.  etc.,  Napled.  | 

Ki-prrt.'ire  ilrs  Travaiix  lie  la  Soci^t*  de    . 

^:itisci.(up  de  Maraeille. 
Utipertoriau  fiir   Meteorolugie,   St.   Pe- 

Kuijuct^riiiui   der   leclmiKchen   Joirnial- 

Linrrjtur.  Berlin. 
Kepure  Kutherliite  Piildii-  IJIirnrv. 
K>-p«rt  S>.ie[y  for  Promoting  t'liriHtinn 

Kaowl-^dKv.  LAindon. 
Re»iew  of  Reviews,  New  York, 
Klivista  Lleiivral  de  Marina,  Ma(lri<I. 
Revists   Italiaua    <li    Sciclize    Natnrali, 

>'apl«t. 
RevL-ita  Mitilar  li.-  Chili,  .Santiupi. 
Keviata  del  Moseu  de  la  Plata.  La  Plata. 
Reyni*     dn      Haa-Poitoii.      FoDtenay-li- 

Revur  de  Botaniqiir,  Audi. 
Revae  Botauiijne,  I'ariB. 
KevDe  de  Botaniqiie.  Tualoiiae. 
Revne  de  I'Eroie  d'AntbroiioloKie  Paris. 
,  Kevur  di-H  Etudes  J.iives.  Pari' 
Revne  irHortioole,  Marseilles. 
Revuo    lutemationale     Seientifiqtie    •■! 
Populaire  des   Kaliiti  rat  ions.  Amstri- 

Revue  des  Livres  ot  de  la  Pn.'a.w,  Paris. 
Reviiii  Heiisuelle  di-  rficolfd'Autbropolo- 

gie,  Paris. 
Revne  des  QuestioiiH  HiBturiiiucH,  Paris. 
Revui'  des  QuestionH  Sci^iitilinnrs,  Brus- 

Bcls. 
KevuedesSdeucesNatureIleaderOue«t. 

.  Kenie   l.'niversello  des  InventiDus  Non- 
vcUoB,  A,  B,  C,  D,  Paris. 
Itirhmonil  College  M«K«zine.  Gallc. 
River-Plato  Sport  and  Pastime,  Biiouob 

Koiueos's  Jiuinial,  Charlotteuben; 
Rosario,  La  Suova  Pompei  (II),  Villc  di 

Poinpei. 
Rural  Callforulan,  Los  Angi'les. 
Rutland  Connty  Historical  Societv  Sew- 

port,  Vt.  -,  , 
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Hattty  Valve,  N»w  Vi.rk. 

>t.  Jowjih's  Advocate,  Bitltiniuri;. 

:SaIem  Pnvs  Hiatorivul  anil  (if  ooalogical 

Rword.  Kalrin. 
Scutttsh  Nfltra  anil  Qnurien.  Abenleeu. 
Itcottinh  Review.  I.on<li>ii. 
S^Miccfl  de  la  Soci^ti^  FniatitiHe  ile  Pliy- 

»iqiip,  Paris. 
Srifenaieder  Zeitnu);,  Augsbnrft. 
S«IiDi(Il),  pKvia. 
Sheednii  NewH,  Sheudnu,  Vq. 
EitEnn^tmricrhte    <trr    (iosellfii'haft     iKr 

MorpholoKie  unit  PLyaiologif,  Mnnieli. 
Swiilp»Uti*('bea  CoTrcnpoiKleiizMart, 

Berim, 
Suriolo^e  X*'vrs,  Mrooklvu- 
Sonlfa   Eaoteni   Natimlinl,   Ciiiiterlini'.v, 

EnKlaud. 
*«iith*ni  Farm,  Atlanta, Ga. 
!^thi>m  HiHtorical  Mag-azine,  Chnrli'H- 

b.n.  W.  Va. 
SodilpolitincboH  Con  I  ml  Matt,  Uerlin. 
i^prakel,  IaiuiIoo. 
Sp.iri»inaii'8  Review,  ChiraK». 
Stnud'H  Mitgotinf .  Londou. 
iMiKtr,  London. 
''iagar  Beet,  Philadeliiliia. 
Sapplemenlo  Anuualfa  »lln  EDciclopeilic 

Ui  cbimica  Hcinntilicu,  ete.,  Tciriu. 
Svtnak  Kemiak  Tid«krift,  Htookhnltn. 
TecbnirH,  Stawell.  Australia. 
Temple  Kar,  London. 
TcBnestwe  Journal  of  Mt^teorolouy,  Naab- 

rille. 
T«itile  Record  of  America,  Pliiladelpbia. 
ThnwophiHt,  Mwlras. 
Tidnkrift  lor  Folk iinderv inning,  Stoek- 

TidAkrift  Jiimtlands   Liins   KoniniiniiiM- 

foieninu,  OKti>rsnnd. 
TW«krif  tfor  FhyHik  og  Cheinie.  Copeii- 

TiHlaT.  Rnston. 

T«rh'.  I>i>ndiin. 

Tniiiiion,  La,  PariK. 
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No.  796.  "Animals  recently  extinct,  or  tbrealcDeil  with  eilerminatloii,  u  repre- 
WDlcd  in  the  eollectiniiH  of  lh«  U.  8,  Natioual  Mnaeiiw."  By  Frederick  A.  Lnoaa. 
(FroDith«  Report  of  the  Natioaal  MuBeum  fur  18S9.)  Octavo  pamphlet  of  41  pages; 
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No.  797.  "  The  ctevetopiiient  of  tlie  jVmerican  Rail  and  Track,  lu  illuatratcd  by  the 
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tian  vith  tbe  cruise  of  the  IT.  S.  Fiah  C'ommiaHioii  Bchoouer  Grampui."  By  Prede- 
titkA.  Lncaw.  (From  the  Report  of  tlio  National  Unaenm  for  1889.)  Octavo  pam- 
pblet  of  30  page* ;  illustral«d  with  1  plut«  or  sketch  map. 

Ku.  799.  "  Preliminary  Handbook  of  the  Department  of  Geology  of  the  U.  S.  Na- 
tioDik]  Hiiscimi."    By  OeorKO  P.  Merrill.    (From  the  Report  of  the  National  Museum; 
Appcnilix.)    Octavopamphlet  of SOpagea. 
Ko.  803.  "llie  Siiiiaring  of  the  Circle."    By  Herman  ghnbert.     (From  the  Smith- 
tumiD  Keport  for  1890,)     Ottavo  pnmphlet  of  24  pngi>H. 

lo.m.  "  An  Account  of  the  I'rogreas  in  Aatronouiy  fur  the  years  1889,  1890."  By 
<rilliaiD  C.  Winlock.  (From  the  SmithsoDian  Ui^port  fur  1890.)  Octavo  pamphlet 
o(  tS  pages. 

NO.80S.  "Matbi'inaticalThcoricsof  the  Earth."  By  RotitrtS.  Wooilward.  (From 
Ik!  gmithaonian  Report  for  1890.)    Octavo  pamphlet  of  18  pagia. 

>'«.  8(6.  "On  tbePhysicHl  Structnretif  the  Earth."  By  Henry  Heniivsay.  (From 
ilir  Smithaouian  R«'port  for  1890.)    Octavo  pamphlet  of  19  pageH. 

Ko.  W7.  "GUcinl  (icology."  By  James  Qeikic.  (From  the  Smitlisoitian  Reiiort 
htitSO.)    Octavo  pamphlet  of  10  pagcH. 

N«.HnK.  "  The  Hist4iry  of  the  Niagara  River."  By  O.K.  Gilbert.  (FromtlieSmith. 
i^niin  Keport  for  1890.)     Ortavo  pamphlet  of  46  pngea:  illnatrated  with  8  plateo. 

No. 809.  "The  Mediterrunoun  PhyHical  and  Historical."  By  Sir  R.  L.  Playfair. 
il'Tom  the  Smith  son  i  an  Report  for  1890.)     Octavo  pamphlet  of  18  pages. 

No.  810.  "  Stanley  and  the  map  of  Africa."    By  J.  Soott  Koltio.     (From the  Smith- 
*>uiin  Keport  for  1890.)    Octavo  pamphlet  of  1.1  pages;  illustrate<l  with2  niapa. 
SuSU.  "Antarctic  Explorations."    l(y   0.  8.  GrimtbH.    (From  the  SmilhHoniun 
^cpKtfor  1890.)     Octavo  pamphlet  of  t^pagia. 

Nii.812.  "The  History  of  Geodetic  Operatrons  in  Riidfia."     By  B.  Wilikowski  aud 
J-HmrurlGore.     (From  the  SmithMnian  Report  for  1890.)     Octavo  pamphlet  of  10 
W. 
.Vo.8l3.   "Quartz  Fibers."    By  C.  V.  Boys.     (From  the  Smithsonian   Report  for 
^.)   Octavo  pamphlet  of  30pages;  illnstrat«-d  with  9  lignres. 

I'd. 814.  "l>r.  Kmnig's  RcfleaTches  on  the  Physical  BftsiH  of  Musical  Harmony  and 
Tmhn."  By  Sylvanns  P,  Thompson.  (From  the  Smithsonian  Report  for  1890.) 
(■rlavopamphlet  of  ^  pages;  illDstrate<l  with  8  Iigul1^^. 

No.»l5.  "The  Chemical  ProblemH  of  To-day."  By  Victor  Heyur.  (From  the 
ftBiUisoDiin  Report  for  1890.)    Octavo  piimphlet  of  15  pages. 

!lv.ei6.  "The  Photographic  Image."  By  Raphael  Meldola.  (From  the  Smith- 
•wiiQ  Report  for  1890.)     Octavo  pamphlet  of  11  pages. 

Sb.817.  "A  Tropical  Botanic  Garden."  By  M.  Treub.  {From  the  Smithnonian 
Report  for  1890.)    Octavo  pamphlet  of  18  pages. 

Ks.Slg.  "Temperature  and  Life."  By  Henry  de  Varigny.  (From  the  t^mithno- 
5i»B  Report  for  1890.)    Octavo  pamphlet  of  18  pages. 

So,819.  "Morphology  of  the  Blood  Corpnsclos."  By  < Charles-Sedgwick  Minot. 
li'ratn  the  Smithsonian  Keport  for  1890.)  Octavo  pamphlet  of  3  pages;  illustrated 
»i«ilpl«te. 

No.  820.  "Weismantt'H  Theory  of  Heredity."    By  George  .1.  Romanes.     (From  the 
itaithiianian  Report  for  1890.)    Octavo  pamphlet  of  14  pages. 
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No,  821.  "TlieAsccnt  of  Man."  By  Friink  TJaker.  (From  the  Sin itliBoniiin  Report 
for  1890.)    Octavo  pamphlet  of  20  pagan. 
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No.  833.  "The  Primitive  Homo  of  the  AryoQH."  By  A.  H.  Siiyce.  (From  the 
SmithsoniaD  Report  for  1890.)    Octavo  pumphlet  of  13  pagea. 

No.  824.  "The  PrahiHtoric  Races  of  Italy."  By  Imum  Taylor.  (FVom  the  SmiUh 
eoniau  Report  for  1890.)    Octavo  pamphlet  of  10  pages. 

Nu.  825.  "The  Ageof  Brouzein  Egypt."  By  OdcarMonteliiiB.  (from  the  Sinitb- 
soniam  Report  for  1890.)    Oetavo  patDplilot  of  23  pages;  illuHtratad  with  6  platw. 

No.  826.  '■AnAcconot  of  the  Progretts  of  AiitUrupology  in  the  year  1890."  Bj 
OtJsT.Hason.  (From  the  Smithaoui  ait  Report  for  1890.)  Octavo  pamphlet  oftQ 
pages;  illustrateil  with  8  ilgures  and  4  plates. 

No.  827.  "A  Primitive  Xlru  Burial."  By  Dr.  J.  F.  SnyJer,  (From  the  gmilli- 
Bonlaa  Report  for  1890.)    Octavo  piiinpblnt  of  5  page.*;  itliistratwl  nitli  2  platen. 
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No.  829.  "Criminal  Anthropology."  By  Tlioruae  Wilson.  (F^initbeKmitliHoiiiin 
Report  for  1890.)    Octavo  pamphlet  of  70  pagca. 

No.  830.  "  Color-vision  anil  Color- biiiiiim'as."  By  R.  Ilrndeiicll  Carter.  (Fram 
the  Smithaonian  Report  for  1890.)    Octavo  pampbtut  of  18  pugea. 

No.  831.  "  Teuhuology  and  Civilization."  By  F.  Kenioanx.  {From  llic  Smithio- 
iiian  Report  for  1890.)     Octavo  pamplitut  of  15  paguit;  illnstratvd  with  2  ligun-s. 

No.  832.  "TheRamaden  Dividing  Engine."  By  .1.  BIfreth  Watkiiin.  (From  tbr 
Kuiithaonian  Report  for  1890.)  Octavo  pamphlet  of  19  pages;  illuittrahid  witlit 
llgiire  and  3  plates. 

No.  833.  "A  Menoirof  EtiatiLoonLiH.''  Ky  11.  A.  N'e\i-t4>n.  (From  the.SmitliBoiiiiiD 
Kvport  for  189U.)    Octavo  paaiplilet  of  SOpagua. 

No.  834.  "A  Memoir  of  William  Kitctioa  Parker."  (Fnmi  thuSiiiitliKoniuu  Keport 
for  1890.)    Octavo  pamphlet  of  4  pages. 

No- 835.  "Sale  Liat  of  Pabllrationa  of  the  ^niithaoninn  Inatitutiou,  Jaiiiiarj'. 
1892."    Octavo  pauipblot  of  27  pagnt. 

No.  838.  "  Report  on  the  International  Coiign^HH  uf  Orii-ntaliatH."  Hold  at  Sbick- 
holm,  Sweden,  nuil  Chriatiania,  Norway,  in  Siiptemlier.  IK^O.  By  Paul  lianjil. 
(F'roln  the  Smithsonian  Report  for  1890.)    Oetavo  pamphlet  of  8  pages. 


No.  T70.  "  Report  of  tlie  National  Mnseiim.  Annual  Ku|iort  of  the  Hoard  of  Kf- 
gents  of  the  Smithsonian  luHtitutJon,  showing  the  operations,  ex|ieniliturea.  nnil 
uonditiou  of  the  Inatitntion  for  the  year  ending  June  30,  1889."  This  volume  com- 
priacB  Ave  sections:  1.  Report  of  the  Aaaiatant  Secretary  of  the  Smithsonian  Iiuli- 
tution,  G.  Brown  Goode,  in  charge  of  the  National  Mnsonm,  npoii  the  conditiqii  sod 
proapecta  of  the  Muaeum;  II.  Reports  of  the  Cnrators  of  the  Museum  npon  the  prog- 
ress of  work  during  the  year;  III.  Pa|>era  ilcairibing  and  illustrating  theeoUec- 
tions  in  the  Miisoiim;  IV.  Bibliography  of  publications  and  pa|>era  relating  U>  the 
Miisunm  during  the  year;  and  V.  List  of  accessions  to  the  Museum  during  the  yeu. 
The  whole  accompanied  with  an  index  of  39  pages,  and  Appendix  E. — Preliminary 
Handbook  of  the  Department  of  Geology  in  the  U.  8.  National  Museum,  of  50  pagM, 
by  George  P.  Merrill,  Curator.  This  Report  forms  an  octavo  volume  of  xvii+933 
pagea ;  illoatrated  with  144  cuts  or  figures  in  the  text,  and  107  plates. 

No.  786.  "  Report  upon  the  condition  and  progre-is  of  the  U.  S.  National  Mnseain 
during  the  year  ending  Jnne  30,  1889."  By  G.  Brown  Goode,  Assistant  Secre- 
tary of  the  Smithsonian  Institution,  in  charge  of  the  Nation.il  Museum.  (From  t&* 
Report  of  the  National  Museum  for  1889.)  Octavo  pamphlet  of  277  pages;  illusba- 
ted  with  four  plates. 

D.D.t.zeabvCit")Oglc 


HEPORT   OF   THE    SECRETAHY.  83 

Xo.  802.  "Proceeiliiigsof  the  Beg»nU,  unit  Report  of  tLe  Execnttvo  Ci>miuittoe 
for  tbe  j-eoT  1889-'9D,  together  irith  acts  ot  CougruBB  for  the  ye&r.  (From  the 
SnuthBonian  Rvport  for  1890.)    Octavo  pamphlet  uf  33  pa>;Hs. 

Vo.  386.  "  Report  of  S.  P.  Lauglej,  Secretary  of  the  Smitbaoniau  Inatitatlon,  for 
Ibe  year  eudinf;  June  30,  1891."     Octavo  pamphlet  of  63  pages. 

No.  837.  *'Aiinaal  Report  of  the  Board  of  Regenta  of  the  SmithBonUtn  Institution! 
ahoving  the  operations,  expenilitiirea.  and  condition  of  the  Inatitutioii  to  Jnly 
1390."  This  volume  contains  tbe  Journal  of  Proceedingii  of  tbe  Board  of  Regenta 
at  (he  aunnal  meeting  behl  JauDar;  8,  1690;  tbe  report  of  tbe  Executive  Com- 
mittra  uf  the  Board  ;  acts  and  resolutions  of  Congress  relative  to  the  Institatiou, 
for  Ibe  year;  and  the  Report  of  tbe  Secretary  of  the  Institution:  followed  hy  tbe 
"General  Appendix,"  in  which  are  given  tbe  following  papers:  "Tbe  Squaring  of 
Ihe  Circle,"  by  Herman  ScUnbert;  "The  Progress  of  Astrouomy  for  tbe  years 
1889,  1890,"  by  William  C.  Winlock;  "Matheniitical  Theories  of  the  Earth,"  b; 
Eolierl  8.  Woodward;  "Physical  Stmotare  of  tbo  Earth,"  by  Henry  Henneesy; 
"Glacial  Geology,"  by  James  Geikie;  "History  uf  the  Niagara  River," by  G.  K. 
Gilbert;  "The Mediterranean, PhysiualaDdHistorical/'liy SirR. L.  Playblr;  "Stan- 
ks  anil  the  Hap  of  Africa,"  by  J.  Scott  Keltic ;  "Antarctic  Expl<aation,"  by  O.  S. 
Griffiths;  "History  of  Oeodetic  Operstious  in  Russia,"  by  B.  Witskowski  and  J. 
Howard  Gore;  "Quartz  Fibers,"  by  C.  V.  Boys;  "KiciiiRB's  Reseaichee  on  Hoai- 
oal  Harmony  and  Timbre,"  by  Sylvanus  P.  Tbonijison;  "Tbe  Chemical  Problems  of 
To-day,"  by  Victor  Meyer;  "Tbe  Photographic  luiaKc,"  by  Raphael  Heldola;  "A 
Tropical  Botanic  Garden,"  by  H.  Treiib;  "Temperatiiro  ami  Life,"  by  Henry  do 
Varigny;  "Hurpholo;i;y  of  tbe  Blood  Corpasclen,"  by  Charles  S.  Minot;  "Weis- 
uuiiu'n  Theory  of  Heredity,"  by  Ge«rf;<i  J.  Romanes;  "Tbe  Ascvut  of  Man,"  by 
»9ink  Baker;  "The  Antiqnity  of  Man,"  by  John  Evans;  "Primitive  Home  of 
Ihe  Aryans,"  by  A.  H.  Sayce;  "The  Prehistoric  Racus  of  Italy,"  by  Isaac  Taylor; 
''The  Age  of  Bronze,  in  Egypt,''  by  Oscar  Monteliiis;  "Progress  of  Anthropology  in 
189(>."  by  Otis  T.  Mason;  "A  Primitive  L'm  Burial,"  by  J,  F.  Snyiler;  "Manneis  and 
Cnstoms  of  the  Hohuves,"  by  George  A.  Allen;  ''Criminal  Anthropology,"  by 
Tbomas  Wilson;    "Color-vision   auil   ('obir- blindness,"  by   R.    Bmdenell  Carter; 

"TechnoloKy  and  CivUiEatiou,"  by  ¥.  Reiilcaux;  "I'ho  Ramsden  Dividing  Engine," 

VfJ.E.  Watkine;  "Memoir  of  Elias  Luomin,"  by   II.   A.   Newton;  and  "Memoir 

ofWilliam  Kitchen  Parker;"  tbe  whole  forming  an  octavo  volnuie  of  ili-f-608  pages, 

illutraled  with  29  flKUres  and  26  plates. 
Very  rt'speotfnlly, 

Wm.   B.  Tavu.k. 

Kditor. 

Mr.  S.  1'.  Lanulkv, 

SKrelarj/  Smilluonia»   IniiitulioH. 
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ADVKK'nSKMENT. 


The  object  r»f  tliB  Gknbral  Ai'I'bndix  t«  the  Annual  repitrt  of  tbe 
SmittiKoniaii  luKtitiition  is  to  rtiriiisli  brief  accoaiitsiif  a<n«iitiflc  discov- 
ery in  partJcnlur  directions;  occasional  reports  of  the  investigations 
made  by  collaborators  of  tlic  InHtitution;  memoirs  of  a  general  charac- 
ter or  on  s|>eciiil  topics,  wltetlier  original  and  prepared  exjneMsly  for  the 
porito^u^tOr  selerted  from  foreign  journals  and  pmreedings;  and  briefly 
to  present  (a»  fully  as  sjuicc  will  )>ermit)  Huch  papers  not  itnblished  in 
theSmithsniiian  Contributions  or  in  the  Miscellaneous  Collections  as 
miiybe  sii|>|>o8e«ltobe  of  interest  or  value  to  tbe  numerous  corresiM>n(i- 
entsof  tbe  Institution. 

It  has  been  a  prominent  object  of  the  Board  of  Itegents  of  the  Sinitli- 
soniau  Institution,  from  a  very  early  date,  to  enrich  the  annual  reiwrt 
required  of  thembyhiw  with  memoirs  illustrating  the  more  remark- 
able and  jmiiortant  deYelo))ments  in  physical  and  biological  discovery, 
an  well  as  showing  the  general  character  of  the  operations  of  the  Insti- 
tQtion;  au<l  this  purpose  has,  during  tbe  greater  part  of  its  history, 
been  carried  out  largely  by  the  publication  of  such  papers  as  would 
possess  an  interest  to  all  attracted  by  scientific  progress. 

Ill  1880,  tbe  Secretary,  induced  in  part  by  the  discOntinnauce  of  an 
sDDual  summary  of  progress  which  for  thirty  years  previous  had  been 
issaed  by  well-known  private  publishing  firms,  hail  prepared  by  com- 
petent collaborators  a  aeries  of  absti'acts,  showing  concisely  the 
I)roininent  features  of  recent  scientific  progress  in  astronomy,  geology, 
meteorology,  physios,  chemistry,  mineralogy,  botany,  zoology,  and 
initliroiK>Io^.  This  latter  ]ilan  was  continued,  though  not  altogether 
Hatisfactorily,  down  to  and  including  the  year  1 S88. 

In  the  report  for  1889,  a  return  wjis  made  to  the  earlier  method  of 
Iiresenting  i^  miscellaneous  Kide<:tion  of  pajMM's  (some  of  them  original) 
embracing  a  considerable  range  of  wientiflt;  investigation  and  discus- 
sion.   This  method  has  been  continued  in  the  present  reitort,  for  1892. 
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TOE  METEOUO LOGICAL  WOKK  OF  THE  8MITH80SIAN  IN- 
STITirTION.- 

The  Smithsonian  InHtitiitiun  lias  always  made  it  a  rule  of  a(;tion  to 
undertake  such  lines  of  work  as  point  the  way  to  greut  public  ntilities, 
and  these  have  sobseqiiently  been  made  the  fnnction  of  nsefnl  govern- 
laenl  bureaus  of  applied  »ctence. 

This  is  notably  trae  in  the  ease  of  meteorology,  whieli  was  develojied 
by  the  luatitation  in  both  its  scienlifiv  and  its  )>opular  aspects,  until  its 
iiuportauce  became  so  well  understood,  and  its  utility  so  widely  ap- 
preciated, that  in  1870,  Congress  made  it  the  duty  of  the  Chief  Signal 
Officer  of  the  U.  S.  Army  to  observe  and  ruiwrt  storms  for  the  benefit 
of  commerce  and  agriculture. 

The  iiitei'f.'.st  of  tiie  Sinitlisouian  Institution  in  meteorology  began 
iritb  the  organization  of  its  work  by  its  first  seta-etary,  I'ntf.  Joseph 
Heury,  in  1847,  and  from  that  time  to  the  present — nearly  half  a  cen- 
tDO— meteorological  science  has  been  grant«:d  an  important  share  of  its 
labors  and  expenditure. 

In  bis  "  programme  of  organization, "  submitted  on  the  8th  of  Decem- 
lier,  1847,  iu  giving  examples  of  objects  for  which  appropriations  might 
{iroperly  be  made,  the  Secretary  mentioned  first,  and  urged  upon  the 
iiamediate  atteution  of  the  Institution,  a  "system  of  extended  meteor- 
oli^iral  observations  for  solving  the  pniblem  of  AmericLin  storms." 
Tliij  clear  appreciation  of  the  eKistiu^  state  of  knowledgt*,  aud  of  the 
utilities  t«  be  gained,  are  set  forth  in  the  following  words,  with  which 
lie  commends  this  undertaking: 

Of  late  ;e*rB,  in  our  coniitry,  more  ai)<litioiiH  have  beou  made  to  meteorology  tbsD 
UanyotLer  branch  orpliysicil  scienre.  Kovcral  important  gcueriilizatiuns  have 
IwD  arrived  at,  aud  definite  theoriea  proposed,  n-hii'h  now  enable  U8  to  dirert  onr 
*llfnltou.  with  Bt'ieDtific  precLHion.  to  Bii<^b  poiuts  of  observation  as  ran  iiot  fiiil  to 
ttwird  OS  with uon andintereRting Tcsidts.  Itisproposedtoorgauizoaiystemof  ob- 
Hrrutions  nbii  li  aball  extend  as  fur  oh  iiossible  over  the  North  Aniericaa  coDtinent. 
The  |>ree4>nt  time  appears  to  be  peiuliarly  auBpicious  for  caminen<'in)(  nn  enterprise 
<if  the  proposed  kind.  The  citiKeuH  of  the  I'nited  States  are  now  scattered  over 
nery  pnrt  of  the  southern  and  western  portions  of  North  America,  and  tlie  extended 
Inn  of  the  t«Iegraph  nill  fumish  a  ready  means  of  warning  tlie  mure  northern  and 
"Mtn  observers  to  ho  ou  the  watch  for  the  first  ai)p6iivance  of  au  advancing  storm. 

In  the  iuaaguration  of  this  system  of  observations.  I'rof.  Henry  so- 
licited the  Hiiggestionfl  of  the  most  esjwrienced  American  mcteorolo- 
Sii'ts — Espy,  Loomis,  and  Guyot — who  e.xtende<l  their  cordial  co-opera- 
tion. 

■  Sumninry  prepared  for  the  section  of  history,  World's  Congress  of  Meteorology, 

'■■>-^.'^-  „.„.„,G««glc 


90       METEOROLOGICAL   WORK    OF   SMlrHSONIAN   INSTITUTION. 

Accompanying  the  above-ij  noted  presentation  of  his  programme  the 
Secretary  published  a  valuable,  and  now  historic,  rejwrt  by  Prot 
LooHiis  ngxin  tlie  meteorology  of  the  United  States,  in  wliich  he  showed 
what  advantage  society  might  expi'ct  ftom  the  study  of  storms,  wlial 
]iad  been  already  done  in  tliis  country  toward  making  the  necesBarj- 
obaervations,  and,  finally,  what  encouragement  there  was  to  a  fiirther 
prosecution  of  the  isamc  researches.  He  then  presented  in  detail  aplaii 
for  anii^'ing  all  the  work  done  by  existing  observers,  and  for  supple 
mcnting  it  by  that  of  new  observers  at  needed  points,  for  a  systematif 
supervision,  and,  finally,  for  a  thorough  discussion  of  the  observation 
eollectwl. 

On  the  13th  of  December,  1847,  the  Boanl  of  liegent-s  ivdopted  the 
"programme  of  organization,"  and  on  the  15th  inaugurated  the  Rys- 
tem  of  meteorological  observations  by  an  appropriation  of  JI.OOO  for 
the  purchase  of  instruments  and  other  related  expenses. 

In  the  following  year  (1848)  Prof.  Espy,  who  was  then  the  official 
meteorologist  of  the  Navy  Department,  was  assigned  to  duty  under  the 
dinH^tion  of  the  Secretary  of  the  Smithsonian  Institution.  In  connec- 
tion with  Espy,  tlie  Secretary  (Henry)  addresswl  a  circular  letter  to  all 
persons  who  would  probably  be  disposed  to  take  part  in  the  contem- 
plated systems  of  observations,  and  co-operation  was  solicited  ftoni  the 
existing  sy.stems  under  the  dire<'tlon  of  the  Surgeon-General,  and  of 
the  States  of  New  York  and  Pennsylvania.  As  a  result  of  these  cflbrts 
the  Institution  at  the  close  of  1849,  iilrea4:ly  ha<l  one  hundred  and  fiftj 
daily  observers,  and  tlie  number  continued  to  inoi-ease. 

In  order  to  unify  the  methods  adopted  by  observers,  Prof.  Guyot 
was  reqne.sted  to  prepare  a  pamphlet  of  Directions  for  Jleteorological 
Observations,"  which  was  published  in  1S50,  and  to  compile  a  collec- 
tion of  Meteorological  Tables,  which  was  published  as  a  volume  of  the 
Miscellaneous  Collections  in  1852.  In  18.57,  after  careful  revision  by 
the  author,  a  second  and  mneh  enlarged  edition  of  the  Tables  waspnb- 
lislied,  and  in  1859,  a  third,  with  further  amendments.  Although  de- 
signed primarily  for  the  meteorological  observers  rei)ortiLg  to  the 
Smithsonian  Institution,  the  Tables  obtained  a  nnich  wider  circidatioD, 
and  were  extensively  used  by  meteorologists  and  physicists  in  Europe 
and  the  United  States.  An  important  step  taken  at  the  inception  of 
the  Smithsonian  system  was  the  introdui^tiou  of  accurate  instrumeiiti>. 
Standard  barometers  and  thermometers  were  iniiMirted  from  Paris  and 
London,  with  which  tliose  made  for  the  use  of  the  Institution  were 
compared,  and  sets  of  such  appjiratus  were  funiishcd  to  observers. 

In  1849,  Prof.  Henry  personally  requested  the  telegraph  companies  to 

*  Smithsoniiui  Inxtitutioii.  Din-ctionH  for  Metcornlofiirul  Obscrvatiooa,  inteDdnl 
for  the  firHt  cIdbb  of  observers.  WaBhiustnu  Cilv.  IKii).  Roprioted  with  atlilitiuM 
in  AoDiinl  Report  for  ISw,  niiil  again  ua  a  part  of  the  Sniithsuuiait  MiacellanniM 
ColleclionB  iu  1»T0. 
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(lii-et-t  their  operators  to  replace  in  tlieir  ref^nlar  inorumg  diaj>atelieB 
lUe  sigual,  "O.  K.,"  by  which  tliey  were  acruatomed  to  iiiinoniice  that 
llipir  lines  were  in  order,  by  soch  words  as  "fair,"  "cloudy,"  etc.,  thus 
giving,  without  additionni  troulde,  and  as  concisely  as  possible,  a  snm- 
[iiar>'ofthe  condition  of  the  weiitber  at  the  diH'erent  stations,  which 
8bould  be  common ieated  to  him.  This  request  was  complied  with,  and 
such  elementary  telegraphic  weather  reports  were  thus  furnished  the 
lostitntioii  daily,  without  charge.  This  action  of  Prof.  Henry,  whieh 
bas  sometimes  been  erruueouely  ascribed  to  Prof.  Espy,  was  the  be- 
ginning of  telegraphic  weather  8ervi<;e,  nothing  of  the  kind  having 
been  attempte<l  in  Europe  until  a  later  date,  and  by  means  of  these  re- 
ports predictions  of  coming  storms,  with  all  the  now  ret-oguizetl  advan- 
tage Ui  the  country  at  large,  were  made  possible.  With  the  material 
tlins  obtain e<I  the  Institution  was  enabled  in  l&')0,to  construct  the  first 
trnrent  weather  map,  giving  daily,  ftom  "live  data,"  Uie  meteorological 
miiditions  over  the  whole  country.  This  map  was  hung  where  the  pub- 
lic could  bave  general  at^cess  to  it  to  observe  the  changes,  and  its  indi- 
cations were  llrst  published  at  large  by  Hignals  displayed  troni  the  high 
tvwer  of  the  Institntiou.  This  method  was  followed,  and  furtber  ex- 
tended, by  pnblications  in  the  Washington  Evening  Star  in  IS^?,  and 
sadi  ):eueral  interest  was  manifested  in  the  subject  that  telegraphic 
weather  reports*  were  thereafter  furni.she<l  to  the  Rtar  for  daily  publi- 
vatioi}.  The  systematic  notification  of  the  general  public  by  the  press 
itud  otherwise  of  weather  observations,  appears,  then,  to  have  been 
undoubtedly  due  to  Henry,  and  unquestionably  to  have  preceded  by  a 
year  a  similar  publication  in  1858,  of  Leverrier,  to  whom  this  pioneer 
Btephas  been  erroneously  attributed. 

InlSSS,  the  meteorological  map  already  in  use  was  improved  by  the 
adaption  of  circular  disks  of  diflTerent  colors,  which  were  attached  to  it 
bf  pins  at  each  station  of  observation,  and  indicated  by  their  color 
the  state  of  the  atmosphere — white  signifying  clear  weather;  gray, 
elondy ;  black,  rain,  etc.  The  disks  bad  an  arrow  stamped  iiiK>n  them, 
ud  as  they  were  so  arranged  that  they  could  be  attached  to  the  map  in 
any  direction,  the  motion  of  the  wind  at  each  station  was  shown  by  them, 
»nd  the  "probabilities"  thus  more  accurately  forecast. 

The  study  of  the  meteorological  data,  begun  in  184d,  contiimed  under 
the  direction  of  the  Institution  for  twenty-flve  years,  during  which  time 
namerons  publications  were  issued  relative  to  temperature,  rainfall, 
hj-grometrj-,  and  casual  phenomena,  while  popular  information  was  con- 
itnuftusly  disseminated  by  publishing  telegrapliie  weather  reports,maps, 
et4-.  Among  the  associates  of  the  Institution  in  this  branch  of  investi- 
cation  may  be  mentioneil  Prof.  Espy,  and  later,  Prof.  J.  H.  Coffin,  Mr, 
(-'.  A.  Schott,  and  others.  Their  work  may  be  concisely  described  v» 
follows:  Prof.  Espy  utilized  the  already  collected  data  in  the  prepa- 
ration of  his  Third  and  Fourth  Meteorological  Bet>orts.    After  the 
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StnitliiwDiaii  obKervatioiis  were  ))ravtk'ii1l,v  Miitipleted,  Mr.  Schott*  took 
tlie  data  said  prepared  eluboriitf  tablet^  of  temperature  and  precipita- 
tion, wliicli  werv  published  in  tlie  BmithKoiiinii  Contributions  to  Knovl 
edge. 

Prof.  Goffint  eoiupiied  bis  great  work  on  the  laws  of  t1i(«  winds,  and 
contributed  various  lesser  works  to  tlie  bibiiography  of  the  IiistitutioD 
ou  meteorological  subjects. 

The  first  collection  of  meteorologieiil  tables  compiled  by  Dr.  Gnyot, 
at  the  request  of  the  Institution,  was  published  iu  185^,  as  a  rolninenf 
the  Sinithsoiiian  Miscellaneous  Oolli'ctions,  and  new  editions  wore  pub 
lished  ill  1857.  and  18;'>9.  Twenty-five  years  later  the  work  wns  ii)raiD 
revised,  iiud  a  fourth  edition  was  published  (1884),  The  demand  fur 
these  tables  eshaasted  this  edititm  in  a  few  years;  it  was  then  de- 
cided to  re-cast  the  work  entirely,  and  publish  it  in  three  parts,  one  of 
meteorological,  one  of  geographical,  and  one  of  physical  tables,  eacli 
representative  of  the  latost  knowledge  in  its  fleld,  and  iudepeudentof 
the  others,  but  the  three  forming  a  lioniogeneous  series. 

The  desirability  of  establishing  a  meteorological  department  under 
one  com]>reheusive  system,  with  an  adequate  api>ropriation  of  fundii, 
was  frequently  urged  by  the  Smithsonian  Institution,  and  in  18S9  m 
appropriation  of  83o,000  was  made  by  Congress  for  the  adoption  and 
maintenance  of  a  code  of  weather  signals  on  the  northern  lakes,  nuiti 
the  direction  of  the  Cliief  of  the  Signal  Cor]>8  of  the  United  Stated 
Army.  The  Government  having  thus  evinced  a  willingness  to  take 
charge  of  the  meteorological  system  of  the  country,  and  it  being  the 
policy  of  the  Institution  to  do  nothing  which  could  be  accomplished  as 
well  by  other  means,  the  work  of  the  Smithsonian  in  this  direction  was 
freely  relinquished  by  the  Institution,  although  its  formal  transfer  to 
the  War  Department  did  not  take  place  until  1874. 

Daring  the  iieriod  when  the  Smithsonian  was  directly  in  charge  of 
meteorological  researches  in  the  United  States,  its  expenditures  in 
this  connection,  which  had  been  voluntarily  assamed,  were  over  $60,000. 
In  addition  to  this  the  Institution  ma^le  a  contribution  of  incalcnlabte 
value  in  the  stimulus  given  to  investigations  of  this  class  by  the  active 
personal  interest  of  its  first  Secretary,  who  always  devoted  much  time 

'Scholt,  C.  A.:  BoRF  cliurt  of  tlit;  I'liiteilNtnteB.  DisciieHiou  of  Cuenell'D  meteom- 
logiciLl  observatinns  lit  I'rovidoDi-i>,  R.  L ;  Cleaveland's  inetuoro1of,'ii'a1  obwirvstioiis 
nt  RrDnsirick,  Mi>.;  Hayes's  iib.vHicnl  obaervatioiiB  in  tlitt  Arctic  Seas;  Hitdretb  kdiI 
WiMxl's  meteorological  observBtiooB  nt  Marietta,  Ohio ;  Kaiht'n  astrohomiral  obseri-*- 
tioiis  in  the  Arctii;  Seas;  Kane's  uingnetic  olHcrvationa  in  the  Arctic  He-M;  K>n«'> 
mi't«orolo);ical  ubsorvationa  iu  the  Arctic  Sean;  Kane's  physical  observations  in  th« 
Arctic  Seas;  Kaiie'fl  tidal  obserA'atiotis  ia  the  Arctic  Seas;  McDiiitJick's  meteoro- 
logical observatioiiBintlio  Arctic  Seas;  Snitli's tneteorologr.il  observations  maHm'^' 
WasbiDKloii.  Aril.;  Tables,  distriliiition,  ami  variation  of  atmospheric temperatiirf' 
Tables  of  rflin  and  sunw  in  the  I'nited  Slut«H. 

i  CofHn,  J.  H. :  Orbit  and  phenomena  of  meteoric  lire  ball ;  Ps^chrometrical  tables; 
Storms  of  1859;  Winds  of  the  globe;  Wiuils  of  the  iic>rtht!i*ii  heinispheM. 

'  ^   oqTc 


CtCIOi^L 


METEOROLOGICAL    WORK   OP   SMITHSONIAN    INSTITUTION.      93 

aud  tuougbt.  tn  tliJK  anbject,  while  even  utter  tlie  tiaimter  of  the  Smith- 
soniau  system  to  tU«  War  Department,  the  <]i»4-U83ion  and  publication 
of  the  material  already  iiceumnlated  was  contianed  by  the  iDstitiition. 

The  Smithsoiiiau  Institution  may,  then,  be  termed  the  parent  of  the 
present  Weather  Bureau. 

In  1891,  the  present  Secretary  (Mr.  S.  P.  Laugley)  deposited  in  the 
United  States  Signal  Oflice  all  the  voluniiuous  monthly  reconls  of  the 
InMtttiitioD,  and  all  the  manuscript  and  printed  observations  and  cou- 
tribntioDS  relating  to  meteorology,  subject  to  recall,  but  with  the  un- 
d«istauding  that  the  entire  offleial  record  of  research  and  progress  in 
this  coaiieetioii  should  be  preserved  intact  by  the  Bureau  which  now 
baa  these  investigations  in  charge. 
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Hy  Prof.  C.  S.  Hastings.   Yale  Uuieersity. 


There  is  no  itistrumeiit  which  ha^  done  ho  much  to  widen  the  scope 
of  huniaii  knowleilj^e,  to  extend  our  Dutimis  of  the  universe,  and  U*  stim- 
ulate int«llei^taiil  activity  as  has  the  t«le8t«>i>e,  iiuicss  the  microscope 
be  reganled  as  a  sui^ceHsfiil  rival.  But  even  admitting  a  parity  in 
scientific  ini|iortance,  tlie  former  instrument  is  incomparably  more 
interesting  in  its  history,  iu  the  same  decree  that  its  history  is  more 
simple  and  more  comprehensible.  To  trace  its  development  from  a 
cariuus  toy  in  the  hands  of  its  disi^overer,  for  vre  shall  see  that  this  term 
is  more  appropriate  than  inventor,  to  the  middle  of  this  centniy,  is  to 
l>e  brought  into  contact  with  most  of  the  great  phiiosopht^'S,  fn^m  tlie 
time  of  the  Keuaissance,  who  have  achieved  greatness  in  physical 
scieiii.'e,  Galileo,  Torricelli,  Huyghcns,  Oassini,  Newton,  Halley,  Kepler, 
Kaier,  Ualaiault,  the  Herschels,  father  and  son,  Fraunhofer,  Gauss — 
from  only  a  i>ortion  of  the  list  of  great  names.  Its  growth  toward  per- 
fection biiH  contstantly  carried  with  it  increased  pret^ision  in  the  applied 
ivivuves  of  navigation  and  of  all  branches  of  uiiginccriug.  It  would  be 
(v.r  tn  show  that  even  pure  mathematics  would  tte  in  a  far  less  forward 
'■t3Xr.  had  there  been  no  problems  of  astronomy  and  physics  which  were 
firxt  tmggested  by  the  employment  of  the  telesc^im.  It  is  to  this  his- 
tory that  I  venture  to  invit«  your  attention  this  evening.  I  purjiose  to 
review  guccinctly  the  origin  aud  development  of  this  jiotent  aid  in  the 
tmly  of  nature,  to  name  some  of  the  more  imjiortant  achievements  de- 
pending upon  it,  and  to  tritco  its  gradual  improvement  to  the  magnifi- 
»Dt  and  complicated  instrument  which  constitutes  the  motlern  etgua- 
torial.  Aft'Cr  this  sketch  I  shall  try  to  give  an  idea  of  the  imperfections 
which  the  conscientious  artisan  has  to  contend  with  in  attaining  per- 
frction,  and  to  make  clear  the  metho<]s  which  have  been  employed  in 
wincing  these  imperfections  in  the  noble  instnunont  now  erected  at 
Ibis  institution, f  and  explain  why  its  possessors  are  so  lioi>ef^iI  of  grat- 
is ng  nuccess. 

■  Address  delivered  nt  the  dpilioation  of  the  fiooilBell  Observatory  of  Carletoa 
rnllcge,  Xortlifield,  Minn.,  June  11,  1891.  (Troin  tlie  Sidmal  Meinenger,  August, 
1891,  Tol.  X,  pp.  335-3.T4. ) 

ICatleton  College, 
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Gtilileo  learned  in  l(iO0,  Trbile  viKiting  Venice,  tliat  a  maireDona  iQ> 
shuiiieiit  liad  be<-it  invented  the  preceding  year  in  nolland,  which 
would  enable  au  observer  to  see  a  distant  object  with  the  same  distinct- 
ness as  if  it  were  only  at  a  small  traction  of  its  real  distance.  It  required 
but  little  time  for  the  greatest  physicist  of  his  age  to  master  the  prob- 
lem thus  suggested  to  bis  mind,  and  alter  hisretnmto  Fadaa,  where  be 
held  the  iwsition  of  professor  of  matbematics  in  the  famoos  aniversity 
of  that  city,  he  set  himself  earnestly  to  work  making  telescopes.  Snch 
was  his  success  that  in  August  of  the  same  year  he  sent  to  the  Vene- 
tian senatti  a  more  perfect  instrument  than  they  had  been  able  to  pro- 
cure from  Holland;  and  in  January  of  the  next  year,  by  means  of  a 
telescope  magnifying  thirty  times,  be  discovered  the  four  satellites  of 
Jnpiter.  This  brilliant  discovery  was  followed  by  that  of  the  moautains 
in  the  moon ;  of  the  variable  jtbases  of  Venus,  which  established  the 
Coi>ernican  theory  of  the  solar  system  as  incontestiblc,  and  of  the  true 
nature  of  the  Milky  Way,  together  with  many  others  of  less  phiUiKoph- 
ical  importance.  Though  Galileo  did  not  change  the  character  of  tlie 
telescope  as  it  was  known  to  its  discoverer  in  Holland,  he  made  it 
much  more  i>erfect;  and  above  uU,  made  the  first  and  most  fertile  aiv 
plication  of  the  instrument  to  inci-ease  the  bounds  of  human  knowle^lge. 
so  that  it  is  inevitable  that  his  name  should  be  indissolably  connected 
with  the  instrument.  Thus  the  form  which  he  used  is  to  this  day 
known  as  the  Galilean  telescoi)e. 

Cousideriug  the  enornions  hiterest  excited  thronghont  intellectual 
Europe  by  the  invention  of  the  telestiope,  it  seems  surprising  that  its 
early  history  is  so  <'()nfDsod.  Less  than  two  years  after  it  was  first 
heattl  of,  a  discovery,  periiaps  the  greatest  of  a  thousand  years  in  the 
domain  of  natural  philosophy,  had  been  made  by  its  means.  Notwitb- 
KtandJug  these  facts,  the  three  contemporary,  or  nearly  coutemiwrarj-, 
iuvexti gators  assign  the  honor  to  three  different  persons,  and  if  we 
sh'fuld  write  out  the  names  of  all  those  to  whom  more  modern  writers 
have  attribute<l  the  invention,  the  list  would  be  a  long  one.  The  snt' 
I»rise  will  not  be  boundless,  however,  if  we  consider  tlie  task  before  » 
bi'-t/irian  in  the  next  century  who  undertake-s  to  Justly  api>ortion  the 
l«'.*uor  of  tbe  invention  of  the  tele|)houe  among  its  nuuierons  claimants. 
The  analogy,  thongh  suggested  in  the  obvious  fact  that  the  t«lephiiiie 
if  to  heariug  jnst  what  the  telescope  is  to  sight,  may  be  made  mneb 
doner  if  we  could  imagine  the  future  historian  deprived  of  all  bnt  verbal 
d<-r.frii»tion,  that  contemporary  diagrams  an<l  models  were  wholly  want- 
iuj;.  Under  sut*h  ouiditions  it  is  difficult  to  believe  that  the  bistoriim 
would  easily  esca|)e  ante-dating  the  dis«!overy  of  the  telephone  proi^r 
•'-,  ;w-<-i>iint  of  descriptions,  generally  im|>erfect,  of  the  acoustic  tele- 
■  *■,  Itnt  this  would  fairly  represent  the  comlition  of  the  material 
'■-■'■  '■■■nim.iiid  of  an  investigator  of  the  present  day  into  a  question 
■I*  •.-!•-.'*-  of  tbe  early  part  of  the  seventeenth  century.  No  wonder. 
*.ii»^.  --..*.-  :JK-  invention  has  been  attribut^nl  to  Archimedes,  to  Roger 
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Bacon,  to  Porta,  and  to  many  others  who  have  written  on  optics;  but 
tu  find  the  name  of  Hntan  in  the  list  is  (certainly  surprising.  Still  ve 
read  that  a  very  learned  man  of  the  seventeenth  century,  named  Arias 
UoutaDUK,  finds  in  the  fourth  chapter  of  Matthew,  eighth  verse,  evi- 
dence that  Satan  possessed,  and  probably  invented,  a  telescope;  other- 
viHe,  hov  eonld  he  have  "shown  him  all  the  kingdoms  of  the  world 
and  the  glory  of  them"!*  It  seems  to  he  well  established  now,  how- 
ever, that  Franz  Lippershey,  or  LipperBheim,  a  spectacle  maker  at 
Middlebnrg,  was  the  real  inventor  of  the  telescope,  and  tliat  Gitlileo's 
first  telescope,  avowedly  suggested  by  news  of  the  Hollander's  achieve- 
ment, was  an  independent  invention. 

That  this  discovery  was  really  an  m'oident  we  may  be  quite  sure, 
for  not  only  was  there  no  developed  theory  of  optics  at  that  time,  hnt 
even  the  law  of  refraction,  which  lies  at  the  basis  of  such  theory,  was 
qnite  unknown.  So,  too,  it  seems  to  me  quite  certain  that  Galileo's 
invention  must  have  been  empirical  and  guided  by  somewhat  precise 
inf<»rmation,  such  as  that  the  instrument  consisted  essentially  of  two 
lenses,  of  which  one  was  a  magnifying  and  the  other  a  diminishing 
lens.  At  least,  that  Galileo's  telescope  was  like  that  of  tlie  Hollander ; 
that,  theoretically  consideretl,  it  is  not  so  simple  as  that  made  of  two 
magnifying  lenses,  as  is  evinced  hy  the  fact  that  Kepler,  the  first 
philoTiopher  to  establish  au  ap]>roximate  theory  of  optical  instruuients, 
iinly  tw()  years  later  invented  the  latter  and  prevailing  form;  and 
finally,  that  Galileo  published  no  contributions  to  the  theory  of  optics, 
xeeni  quite  sufficient  reasons  for  such  a  belief.  But,  in  any  case,  Ga- 
tileu's  merit  is  in  uo^vise  lessened  hy  having  failed  to  do  what  could 
Dot  be  done  at  tliut  time,  and  the  value  of  his  discoveries  in  emanci- 
pating men's  minds  from  authority  in  matters  of  pure  reason  is  incal- 
nthble. 

No  other  discoveries  of  great  moment  were  made  until  over  a  gen- 
^<itiou  after  Galileo  proved  the  existence  of  Bpots  on  the  sun  in  1011. 
Tliis  cessation  of  activity  was  doubtless  owing  to  the  difficulty  of  se- 
miring te1esco])es  of  greater  efficiency  than  that  [lossessed  hy  Galileo, 
»D(1  which  he  would  hardly  have  left  until  its  powers  of  discovery  hml 
bees  fiilly  exhausted  in  his  own  hands.  By  the  middleof  the  seventeenth 
reutnry,  however,  several  makers  of  lenses  hud  so  iUr  improved  the 
methods  of  grinding  and  iKtlishiug,  that  telescopes  notably  superior  in 
power  to  that  of  Galileo  were  procurable.  Of  these  Torricelli,  Ttivini, 
and  Campani,  all  Italians, — Auzont,  who  constructed  a  telesco|>e  6U0 
feel  in  length,  though  no  means  was  ever  found  for  dii-ecting  such  an 
enormous  instrument  towiirds  the  heavens, — but  above  all,  Huyghcns, 
bave  won  distinction  as  telescope -makers.  The  last  named  philos- 
opher discovered,  by  means  of  a  telescope  of  his  construction,  the  lar- 
gest satelhte  of  Saturn  in  1655,  thus  adding  a  fifth  member  to  the  list 

*TIie  hiotor;  of  Hie  telescope  is  ftdmirably  treated  in  Poggendorff's  UctcAicAl* 
itr  Fkjttk,  from  irhicli  the  statement*  >bove  ore  t»kei>.  (    i^ook' 
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nr  pUiietary  bodies  Dnknowii  to  tbe  ancients.  Bat  his  most  important 
MNl  ronomicat  discovery,  made  also  in  1655,  waa  the  natnre  of  tlie 
rliigB  of  Satmu.  Tliis  object  had  greatly  pozzled  Galileo,  to  whose 
lunall  telescope  the  planet  appeared  to  consist  of  a  larger  sphere 
flanked  on  either  side  by  a  smaller  one;  bat  when  iu  the  course  of  tli« 
orbital  mutiou  of  Satom  the  rings  entirely  disappeared  he  waa  wholl; 
unable  to  suggeiit  aa  explanation.  This  planet  had  thas  presented 
a  remarkable  problem  to  all  astronomical  observers  for  more  tbau 
forty  years,  and  tbe  rwords  of  the  efforts  to  solve  it  dniing  that  inter- 
val afford  tu  a  moot  exceUent  means  of  judging  the  progress  iu  practi- 
cal optica,  tlii^vchens  aunoauced  these  discoveries  early  in  1656,  but 
that  relating  to  the  ring  was  given  in  tbe  form  of  an  anagram,  tbe 
Miliitiitii  of  which  was  ttrst  published  in  1659.  This  discovery  vas 
conNyited  iu  Italy  by  IMvini.  bnt  was  finally  confirmed  by  members  of 
tliv  Kto4f  iittiw  Acatleniy  with  one  of  Divini's  own  telescopes. 

\  U^w  ytHtnf  later  the  fomons  astronomer  Cassiiri,  having  come  to 
I'aito  tttiiu  Italy  as  royal  astronomer,  commenced  a  series  of  brilliaut 
(ll«c4>vtii'iwt  with  telescopes  made  by  Campani,  of  Home.  With  these, 
vitiyliiu  Iu  length  tVom  35  feet  to  136  feet,  be  discovered  four  satellites 
U>  Muturn  In  addition  to  the  one  discovered  by  Huyghens.  Tbe  whole 
iiiiiulx'l'  v-ax  Ineroased  by  Herschel's  discovery  of  two  smaller  ones  in 
I  /Mil,  n  biiiuli-e*!  and  flvu  years  aft«r  Oaasini's  last  discovery,  and  Again 
li.v  Itoiiil'it  (llm'ctvery  of  an  eighth  in  1848.  The  Saturnian  system,  to 
hIiIiOi  (lie  teUuu-oiK)  lias  doubtless  been  directed  more  ft^uently  tbao 
to  aiiyllili>g  uImo,  thus  serves  as  a  record  of  the  successive  improre- 
itit'iilH  III'  the  tclescoiie.  Highly  siguitlcant  is  the  fact  that  tbe  discov- 
•iiuiB  of  the  eighteenth  century  wore  mwle  with  a  reflecting  telesi^ope, 
III)'  oIliei'M  all  being  with  ref^m-ting  instruments. 

I  luBsliti'if  dilK'0^'e^y  iu  1C84  of  the  two  satellites  now  knuwu  as  Tetlip 

iiiid  I  Moiie,  ViU  not  accepted  as  conclusive  until  long  afterwards,  wliea 

I'ltiliid,  ill  1718,  wiih  a  tt'lescope  123  feet  iu  length,  which  Huyghens 

iiMi  iiiailit  and  preseutwl  to  the  Royal  Society,  saw  all  five.    This  par- 

IK  iihii'  jimtnimeut  is  of  especial  interest,  bei'aase  it  is  the  only  one  of 

Mi'"-c  Iff  the  last  half  of  the  seventeenth  century  which  has  bceu  cure- 

liiilf  roiii|iarcd   with  modern  instruments.    Moreover,  it  is  witbont 

ii.,.iM  ttiitU:  cijiial  ill  merit  to  any  of  that  i>eriod.     Bnt  we  find  that, 

,1  ii.'.i.,/i>  M   h'Ul  a  diameter  of  6  inches,  its  |>erformance  was  hardly 

I,- 1"  *  h.-iit  llial  of  a  jiorfect  modern  telesco]>e  of  4  inches  in  diameter, 

ct  in  length,  while  in  regard  to  coDveniem-e  in  use 

t  iiistruiaeut  is  incomparably  superior. 

iliw^overy  of  this  period  was  that  of  the  dnpUcitj- 

niii  by  the  Ball  bi-others   in  1665,  though  its  tnde- 

by  IJusnini  ten  years  later  first  attracted  the  atten- 

a.    'I'he  earlier  discovery  was  made  by  means  of  a 

[i)j  which  seems  to  have  been  of  English  maoufoc- 

{/ai  d  Uu^uiui'a  discovery  of  the  third  aud  fourth  aat- 
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pllites  of  Saturn,  liowever,  as  iiiiiikiiig  t  lie  very  fartheHt  reach  of  the 
(lid  form  of  telesi'ope;  a  centurj' was  to  elapse  aii<I  an  eatirely  new 
fiinn  of  telescope  was  to  be  developed  before  another  considerabU'  ad- 
liiliou  to  our  knowledge  of  the  aspect  of  the  heavenly  bodies  was  to  be 
)iiade.  It  is  trne  larger  telescopes  were  made,  and  Hiiygbeus  invented 
■i  means  by  which  they  could  be  iise<l  without  tubes,  Imt  notwithstand- 
ing this  ttDt>rovenien  t  they  proved  so  cumbersome  as  to  be  impracticable. 

The  older  opticians  had  found  that  if  they  attempted  to  iiicreivse  the 
iliiuneter  of  a  telescope  they  were  oblig^ed  to  increase  its  length  iu  a 
niiicb  Dioi'e  ra]>id  ratio  to  set-iire  distinct  vision.  Tlie  reason  of  this 
irasiiot  dearly  understood,  but  it  was  supposed  to  be  owing  to  the  fact 
th»t  a  wave  fi'out,  changed  in  curvature  by  passing  through  a  spherical 
mfece,  is  no  longer  strictly  spherical.  This  deviation  in  shape  of  the 
rrClai'ted  wave  from  a  true  sphere  is  called  Bpherical  aberration.  When 
(be  retracting  surfaees  are  large  and  of  considerable  curvature  this 
HMn  becomes  very  serious,  but  by  using  small  curvature,  whicli,  iu  a 
telesooite,  obviously  coTTeaiMinds  to  great  length,  the  effects  of  the  error 
i-au  be  made  insensible.  Newton's  diswvery  of  the  composite  nature 
»r  light  and  of  the  phenomenon  of  dispersion  eimbled  him  to  explain 
Ibe  true  cause  of  indistinctness  in  short  telescopes ;  namely,  that  the 
.Tfractioti  by  the  objective  varies  for  different  (Mtlors;  eonse([uently,  if 
IIh?  ocular  is  i>liMred  for  one  particular  color,  it  will  not  be  in  the  rifjht 
iwition  for  any  of  the  others,  whence  the  image  of  a  star  or  planet 
will  xeeni  to  be  surrounded  by  u  fringe  of  (rolored  light.  Newton  found 
thix  mnrce  of  iiidistinctiiess  in  the  image,  which  is  now  known  as 
I'hriHnatic  aberration,  many  hundred  times  as  serious  as  the  spher- 
inl aberrations.  As  he  was  iiersuaded  by  his  experiments  that  this 
oleUele  to  further  improvement  in  the  refracting  telescope  was  in- 
superable, he  turned  his  attention  to  a  form  of  teleK4-o))e  which  had 
'iwti suggested  a  number  of  years  earlier  in  which  the  image  was  to 
l>*  Ibnned  by  reflection  from  a  concave  mirror,  and  constructed  a  small 
uneiritU  his  own  hands  which  is  still  in  the  possession  of  the  Koyal 
Society.  This  little  instrument  seems  to  have  been  of  about  the  same 
power  as  Galileo^s  instrument  with  which  ho  dist^overed  the  satellites 
of  JQ|>iter.  but  is  was  hardly  more  than  0  inches  in  length. 

i^ince  that  time  the  reflecting  teIescoi>e  has  iiad  a  remarkable  history 
'>r  development  in  the  hands  of  a  number  of  most  skillful  metihani- 
ciaiiK,  who  have  also  for  the  most  part  been  distin(;nished  by  their  dis- 
'overies  in  physical  astronomy;  we  may  therefore  advantageously 
'It'part  from  the  chronological  treatment  and  follow  the  history  of  this 
i>l)e  of  instrument.  This  coarse  is  the  more  natural  because  we  may 
hrwbably  regard  the  wupremacy  of  the  reflector  (undisputed  a  centujy 
^jo)  as  passed  away  forever. 

Even  after  Newton's  invention  was  made  public,  little  was  done 
towards  the  improvement  of  telescopes  for  half  a  century,  until  Hadley 
presented  a  reflector  of  his  own  construction  to  the  iloyal  Society  iu 
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when  he  discovered  l>y  its  nieaus  a  sixth  satellite  of  Saturn  and,  less 
tiinn  a  month  later,  a  seventh,  even  closer  to  the  planet  and  .smallei- 
tbau  the  sisth.  We  may  regard  tbis  achievement  as  marking;  the  limit 
of  progress  in  the  reflecting  telescope,  for,  although  at  least  one  atf 
luge  is  DOW  in  use,  and  one  even  half  as  large  again  has  been  cou- 
atmeted,  it  is  more  than  doubtfiit  whether  they  were-  ever  as  perfect  as 
Herschel's  at  its  best. 

There  has  been  one  improvement  however  in  the  reflecting  telescope 
siiiee  the  time  of  Herschel  which  ought  not  to  be  left  unnoticed  here, 
uaoiely,  that  of  replacing  the  heavy  metal  njirror  by  one  of  glass,  made 
eveu  more  highly  reflective  than  the  old  mirrors  by  a  thin  coating  of 
silrer  deposited  by  chemical  metbodH  upon  the  polished  glass.  The 
Rieat  advantage  of  this  modern  form  of  reflector  liea,  not  so  nuich  in 
the  iireater  lightness  and  rigidity  of  the  material  as  in  that  the  surface 
fflien  tiimisheil  can  be  renewed  by  the  simple  process  of  replacing  the 
old  silver  film  by  a  new  one;  whereas  in  the  metal  reflectors  a  tarnished 
sarface  required  a  reiwiition  of  the  most  diflflcnlt  and  critical  |>ortiou  of 
the  whole  process  of  constraction.  The  construction  is  also  so  compar- 
alively  simple  that  an  efflcieut  reflector  is  far  less  expensive  than  are 
refracting  teiestwpes  of  like  jwwer,  so  that  this  may  be  regarded  as 
partionlarly  the  amateur's  telescope.  On  the  other  hand,  such  tele- 
sTOpea  are,  like  their  predecessors,  extremely  inconstant,  and  they  re- 
quire much  more  careful  attention  U>  keei>  them  in  working  order.  It 
is  for  these  reasons,  doubtless,  that  silver -on -glass  i-eflectors  have  done 
w  little  for  the  advautrement  of  astronomical  discovery.  In  astronom- 
ical photogriipby,  however,  they  promise  to  do  nni<;h;  and  indeed,  at 
'Alt  prei^eut  date  by  far  tlie  best  photographs  we  have  of  any  iiebulie 
bive  been  made  by  Mr.  Common's  magidflcent  reflector  of  3  feet  in 
diameter,  and  by  the  20  inch  reflei-tor  of  Mr.  Hoberts. 

We  must  go  back  now  to  a  quarter  of  a  century  before  Herschel  dis- 
covered the  new  planet, — to  the  very  yt-ar  indee<l  when  that  great 
astronomer  Itrst  set  foot  on  English  soil, — in  order  Ui  trace  the  history 
oraiiotlierforinof  t«les<^'OiH!  which  has  remained  unrivalled  for  the  last 
li^f  century  in  the  more  difficult  fields  of  astronomical  research,  and 
"bich  today  flnds  its  most  perfect  development  in  the  iustrumeiits  at 
Mount  Hamilt^m,  at  I'ulkowa,  at  Vienna,  and  at  Wsvshington. 

Newton  had  declared  that,  as  a  result  from  liis  exjieriments,  separa- 
tiou  of  white  light  into  its  constituent  colors  was  an  inevitable  accom- 
paDiment  of  deviation  by  refraction,  and  ccmscquently  the  shorteuing  of 
llie  nnwieldy  refractors  was  impracticable.  The  correctness  of  the  ex- 
pfrimonts  remained  unqucHtioneil  for  nearly  a  century;  but  a  famous 
Uennaii  mathematician,  Euler.  did  question  his  (conclusion.  His  argu- 
ment  was  that  since  the  eye  does  pivHluee  colorless  images  of  white  ob- 
jwts  it  might !«  possible  by  the  proper  selection  of  curves  to  so  combine 
lensesof  glass  and  of  water  as  to  produce  a  telescope  fn-e  from  the  eoUir 
tlefect.   Although  Kuler's  premise  was  an  error,  since  the  eye  is  not  free 
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early  age  of  39,  he  hod  not  only  brought  the  achromatic  telcBcope  to  a 
degree  of  optical  perfection  which  vaaHe  it  a  rival  of  the  most  powerful 
of  the  reflector  type,  and  so  far  improved  its  method  of  mounting,  that 
his  system  has  replaced  idt  others;  but  he  also  made  some  capital  dis- 
coveries in  the  domain  of  physical  optics.  His  great  achievement  was 
the  construction  of  an  achromatic  telescope  0.6  inches  in  diameter, 
with  vhich  the  elder  Striive  matle  at  l>orpat  his  remarkable  series  of 
discoveries  and  measnremeut  of  doable  stai's.  The  character  of 
StfHve's  work  demonstrates  the  excellence  of  the  btlescope,  and  shows 
lis  that  it  in  to  be  ranked  us  the  eijnal  of  all  but  the  very  best  of  its 
Vtwlecessors.  Indeed,  it  may  fiiirly  be  conclnded  that  not  more  than 
one  or  two  teleHco|>eR,  and  those  made  and  useil  by  Herschel,  had  ever 
been  of  greater  power,  while  in  convenience  for  use  the  new  retractor 
was  vastly  snperior. 

For  a  long  time  Fraunliofer  and  his  successors,  Merz  and  Mahler, 
from  whom  the  great  telescopes  of  Pulkowa  and  of  the  Harvard  Observ- 
atory were  procured,  remained  unrivalle<l  in  this  field  of  optics.  But 
dicy  have  been  followed  by  a  number  of  skillful  c«n8tru<ttors  whose 
products  have,  since  the  middle  of  the  century,  been  scattered  all  over 
the  world.  In  <rermany,Steinheil  and  Schroder;  in  France,  Canchots, 
Hartin,  and  the  Henry  hrothem;  in  England,  Cook  and  Unibb;  and  in 
this  country  the  Clarks  and  Brasliear,  have  eaeh  produced  one  or  more 
great  telei^copes  which  Iihs  rendered  bin  name  familiar  to  all  rewlers  of 
astronomical  history.  Of  these  the  Clarks,  father  and  son,  have  beyond 
»  doubt  won  the  first  place,  whether  determined  by  the  character  of 
the  discoveries  made  by  means  of  their  instruments  or  by  tho  fact  that 
the  two  most  jxtwerful  telesco|>es  in  existence  were  made  by  them, 
uamely,  the  new  refractor  of  30  inches  in  diameter,  at  Pulkowa,  and  the 
peat  retractor  of  3  feet  diameter,  of  the  Lick  Observatory  in  California. 
Tie  most  notable  dhw-overies  made  with  their  telescopes  are  the  satel- 
lites of  Mars  and  the  companion  to  Siring;  but  besides  these  there  is  a 
long  list  of  double  stars  of  the  most  difficult  character  discovered  by 
the  makers  themselves,  by  Dawes,  in  Ktigtand,  by  Bumham,  in  our 
own  (country,  and  by  a  number  of  other  observers. 

We  ought  not  to  terminate  our  review  of  the  development  of  the  te!- 
<^«pe  without  a  reference  to  the  parallel  development  of  the  mounting 
of  great  tele-M'0|>ca.  Indeed,  did  this  not  lea<l  us  too  far  troin  the  im- 
mediate aim  in  view,  we  might  find  a  great  deal  of  interest  and  l>e 
hronght  into  agreeable  contact  with  some  of  the  cleverest  mechanicians 
iind  engineers  of  two  centuries  by  tracing  its  course.  We  should 
meet  with  Huygheus,  as  the  inventor  of  the  aerial  telescope,  and  per- 
haps consider  the  claims  of  his  C(mtem[H)rary,  Robert  Hook,  aa  a  rival 
inventor,  for  we  may  be  sure  that  imthing  which  brings  us  to  a  study 
of  that  curious  and  able  pliilosojiher  would  fail  to  ]>osseHs  interest.  We 
should  find  Herstdiel  confronted  with  the  problem  as  to  how  he  should 
use  his  great  40-foot  telescope,  and  the  study  of  his  solution  would 
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which  shoDid  keep  the  surface  true  within  a  limit  fiar  transceDding  the 
ranjre  of  measurements.  Huyghenn  is  tbe  first  who  seems  to  have  done 
Ibis,  by  polishing  upon  a  i)aste  which  was  formed  to  the  glaj^s  and  then 
dried,  and  by  using  only  the  central  portion  of  a  large  lens.  In  Italy 
Cainpani  developed  a  system  which  he  most  jealously  guarded  as  a 
mret  until  his  death,  coiisisting  of  poUsliing  with  a  dry  powder  on 
jiaper  cemented  to  tbe  grinding  tools.  This  method  still  survives  in 
I'nris  to  the  esclusion  of  almost  all  others,  and  it  is  pn>bably  the  best 
tor  work  which  does  not  demand  the  highest  scientific,  precision. 

Sewton  however  was  the  first  to  introduce  a  method  which  lias 
aiuce  been  developed  to  a  state  of  surprising  delicacy.  Casting  about 
(er  a  means  which  should  be  sufficiently  "tender,^  to  use  his  own  ex- 
pression, for  polishing  tbe  soft  speculum  metal,  he  fixed  upon  pitch, 
leaped  to  the  mirror  while  warm,  as  a  bedto  hold  tbe  polishing  powder. 
Bnt  the  enormous  value  of  this  substance  lies  not  so  much  in  tbe  com- 
parative immunity  which  it  gives  from  sco'atching,  but  in  the  fact  that 
luider  slowly  changing  litrces  it  is  a  liquid,  but  under  those  of  short 
doraiion  it  behaves  like  a  hard  and  brittle  solid.  Thns  it  is  possible 
to  slowly  alter  the  shape  of  a  leas  while  polishing,  in  any  desir^  direc- 
tiou.  it  was  only  after  the  practical  recognition  of  this  fact  that  really 
excellent  Iei]s«>s  were  much  more  than  a  question  of  good  fortnne.  The 
perfecting  of  this  method  belongs  without  doubt  to  the  English  of  the 
last  century  and  the  early  part  of  this.  In  the  Philosophical  Transa^v 
lioDHjWe  find  many  long  papers  relating  to  this  art,  contributed  by 
skillfal  and  suc^'cssful  amatenrx.  We  may  therefore  regard  tbe  t«cb- 
uiqneof  the  art  of  lens-making  as  practically  (complete  at  the  middle  of 
to  century  and  aa  common  property,  so  that  success  no  longer  de- 
pendf  upon  tbe  holding  of  some  special  or  secret  method. 

ffe  are  now  (after  this,  I  fear,  somewhat  dry  discussion  of  a  necessary 
point)  in  a  contlition  to  explain  the  differences  between  the  prot'csses 
pfltsned  by  most  telfes<'Oi»e  makers  and  that  of  the  maker  of  tbe  ('arleton 
r»llegeteles<«»pe. 

Tliis  is  the  ordinary  method :  After  securing  i>erfect  pieces  of  glass, 
frown  and  Hint,  as  like  as  jiossible  to  those  generally  naed,  and  having 
i^ti  Qp<ni  the  general  shape  of  the  lenses,  a  guess  is  made  as  to  the 
proper  radii  of  tbe  four  surfaces  to  determine  the  desired  focal  length 
iiirf  ci>rre<-tions  both  for  color  and  spherii^al  aberration.  Tbe  success 
"f  tliiK  guess  has  much  to  do  with  the  necessary  outlay  of  labor,  and 
Iberefore  past  experience  is  of  great  value  as  a  guide.  After  working 
tiie  four  surfaces  t4>  the  dimensions  provisionally  adopted  so  far  as  to 
xlmitof  fairly  good  seeing  through  the  objective,  an  examination  of  the 
errors  is  made.  Should  the  errors  of  color  be  so  small  that  their  final 
wrection  will  nttt  make  the  telescope  more  than  from  3  to  10  |ier  cent 
Peater  or  less  than  the  desired  focal  length,  the  crown  lens  will  prob- 
ably be  completer)  in  accordance  with  the  provisional  figures.  Then 
ibe  tliut  lens  will  be  modified  in  such  a  direction  as  will  tend  to  correct 
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t  li<!  obHerv«l  errorH  of  color  and  Agure,  until,  by  a  purely  teDtatiTe  pnw- 
iWM,  tlio  vtAttr  error  in  practically  ue^li^ble  and  the  error  of  figore  is 
itniiill.  Then  followH  a  pro€e»»  vben  the  qualities  of  skill,  conscientioos- 
IH'BH,  mirt  perwtverance  have  full  scope.  This  process  first  intro<luce(i,or 
at  letiHt  nimlo  public  by  l-'om-ault,  is  known  as  local  correcting.  It 
coiiHlMtH  111  hlowiy  |M)li»hiiiK  away  portions  of  the  lens  surfjices  so  that 
vrroi-H  in  the  ttn^n\  image  l)e(-j>n)e  so  small,  not  that  they  can  not  be  de- 
U'l'K'il,  lint  tbiit  one  can  not  determine  whether  they  are  on  the  on* 
Hide  ol'lnilh  or  tbflothor.  Local  correcting  has  always  seemed  toine 
lo  tie  vininently  nnsoienttfic  and  unneeessary.  It  is  a  process  of  mak 
lug  emu-H  Hunill  which  onght  not  to  exist. 

Ml',  Hrasbeav'a  nu'thocl  is  essentially  different  from  this.  Before  the 
ghiHMos  ait«  touched  e^-ery  dimension  and  constant  of  the  finished 
olilcctlvo  ts  known  with  great  accuracy.  His  whole  aim  is  to  make  the 
HurllHVM  piinictrically  pi'ift'ct;  and  by  ingenious  polishing  maobiiieiy, 
wlih'h  emlHHlies  twelve  years  of  his  thought  and  experience,  he  is 
eimblml  to  do  this  with  truly  astonishing  exactness.  All  the  surfaceii 
nblt'h  iiilinK  of  investigaliou — usually  three  in  his  ordinary  constnir- 
(luo  iiii>  mitde  iiK>dly  tnie  without  regard  to  the  cluiracterof  the  focal 
liimm'  I'hix  lotivcs  only  one  surface  which  is  known  to  be  very  nearly 
<i  mili.'ie.  but  |iittlmt>ly  deviating  slightly  within  iu  the  direction  of  a 
loi'l'ilo  oi  oliliile  ii|i)iei-t>id.  A  glance  at  the  character  of  the  fmral  ima};e 
n  III  ili'li'iiiiliie  thlK  iHiint.  Then  tlie  polishing  machine  is  adapted  to 
lolitti  Ilium  I  o  eliiiouc  In  ttic  |ii-n|>er  direction,  and  after  action  during  a 
oi>  .1.01  I'll  liitiM  Mil  of  lime,  the  image  is  again  examined,  and  from  tbe 
III...)  1 1  I'll  I  ImuHe  In  cluinicter  the  necessary  time  for  complete  corret- 
Null  Im  llic  "iimi'  ""■  contrary  action  may  be  dcdoced.  It  will  be 
iili-imil  Ihiil  t>,v  I  Ills  tnenns  it  is  quite  iH)H»ible  to  correct  errors  whii-b 
MM  oiiirh  loo  Hiniill  to  Imtray  their  nature,  since  a  step  in  the  wrong 

illMi  I nirrii'Hwith  it  no  consequences  of  the  shghtest  moment,  siui* 

.Hit  "ifji  iHu.V  lie  retraced, 

W  hcii  we  loatn  tliat  Mr.  Brashear's  telescope  objectives  have  always 

hint  II  Ini'id  length  diiferiiig  only  from  one  tenth  t^)  one  one-hundred 

iiiid  t:JnhtJfth  of  1  iwr  cent  of  the  value  prescribed,  we  have  a  sugges- 

limi  of  I  he  success  of  his  efforts.    But  adding  to  that  the  fact  that  he 

in  iiliHohUely  untrammcllpil  by  purely  mechanical  considerations,  either 

lenses  or  the  character  <)f  his  materials,  leaving 

lecided  alone  by  the  requirements  of  the  astrono- 

lat  we  may  fairly  accord  to  him  the  merit  of  the 

ivements  intnHluced  into  his  art  for  a  very  long 

o  demand  much  of  your  time  in  considering  the 
cuUies  in  telescope  construction,  not  merely  he- 
iheady  taxed  our  iiatience,  but  because  it  would 
ical  a  chara<'t«r  did  we  allow  ourselves  to  regiird 
general  featuies. 
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Tbe  ubvioos  requircuieiilH  lu-e  that  in  a  good  objective  the  li|!ht  com- 
iug  from  a  point  in  the  object  should  be  concentrated  at  a  point  in  the 
i:iiage;  bat  this,  combined  with  a  preacribed  focal  length,  may  be  re- 
duced to  three  conditions:  First,  a  fixed  focal  length;  second,  freetlom 
trvm  color  error;  third,  freedom  from  spherical  aberration  tor  a  partic- 
olar  color  or  wave  length  of  light.  Xow  let  ns  catalogue  what  provi- 
xions  we  have  for  sfttisfying  these  conditions.  They  are,  four  surfaces, 
vtticb  must  be  spherical  but  nmy  have  any  radii  we  please,  tlie  two 
iJiicknesscs  of  tlie  two  lenses,  and  the  distance  which  separates  the 
leiiseK — that  is,  seven  elements  which  may  be  varied  to  snit  onr  require- 
ments. As  a  matter  of  fact,  however,  on  account  of  the  cost  of  tlie 
material  and  the  fact  that  fflasa  is  perfectly  transparent,  for  imwerful 
telescopes  we  must  make  the  lenses  as  thin  as  possible;  and  we  shall 
Gild  also  that  separating  the  lenses  introduces  errors  away  from  the 
iiis  which  are,  to  say  the  least,  undesirable.  We  have  leit,  thereibre, 
only  tbe  four  radii  as  arbitrary  constants.  Them^,  however,  are  more 
than  enough  to  meet  the  three  requirements.  To  make  the  problem 
determinate  we  must  a<ld  another  condition.  The  suggestion  of  this 
Tuartb  condition  and  carrying  the  problem  to  its  solution  is  the  work 
nf  the  great  mathematicians  who  have  directed  their  thcmght  to  it. 
Clairault  proiiosed  to  make  the  fourth  coudition  that  the  two  adjacent 
Hurfaces  should  fit  together  and  the  lenses  be  cemented.  This  condition 
woold  be,  doubtless,  of  great  value  were  it  possible  to  cement  large  tenses 
withontchanging  their  shapes  to  a  degree  which  would  quite  spoil  their 
performance.  Sir  John  Uerschel  published  a  very  importaut  paper  in 
1H2I,  in  which  he  made  the  fourth  coudition  that  the  spherical  aberration 
alionld  vanish,  not  only  for  objects  at  a  very  great  distance,  but  also  for 
tbose  at  a  rai>derate  distance.  In  this  paper  ho  computed  a  table,  after- 
Tirds  greatly  extended  by  Prof.  Baden  I'owell,  for  the  avowed  jmrpose 
of  aiding  tbe  practical  optician.  It  was  this  feature  undoubtedly  which 
hnmght  his  constmction,  not  at  all  a  good  one  as  we  shall  see,  into 
mnre  general  nse  than  any  other  for  some  time.  But,  as  all  Herscliel'ti 
tables  were  derived  fW>m  calculations  which  wholly  disregarded  the 
thickness  of  the  lenses,  I  am  quite  unable  to  see  how  they  could  have 
been  of  any  material  aid,  and  am  inclined  to  suspect  that  the  discredit 
with  which  opticians  have  received  the  dicta  of  mathematicians  con- 
eeroing  their  instruments  may  have  been  due  in  part  to  this  very  fiict. 
It  is  a  singular  fact,  for  which  I  have  in  vain  songlit  tlie  explanation, 
that  Fraunhofer's  objectives  are  of  just  snch  a  form  as  to  comply  with 
the  Herschelian  solution,  although  they  must  have  been  made  quite 
independently. 

Gauss  made  the  fourth  condition  that  another  color  or  waye-lcugth 
of  light  shonid  be  also  free  from  spherical  aberration.  This  xeems  to 
lutve  been  a  tour  deforce  as  a  mathematician,  not  as  a  sober  suggestion 
of  Ml  improvement  iif  construction,  for  in  a  point  of  fitt;t  the  construc- 
tion is  verj'  bad.    It  van  generally  believeil  that  this  couditiou  could 
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iiui  li©  fUltllled;  tlierefore  Gauss,  wlio  was  particularly  fond  of  doiDg 
what  all  the  rest  of  the  world  believed  impossible,  straightway  did  it. 
There  has  been  only  Olio  effort  to  carry  out  this  suggestion  of  Gauss, 
and  that  forty  yeiirs  later  by  Steinlieil,  but  it  ])roved  a  disappointment. 
A  much  larger  objective  made  by  Clark  a  few  years  ago,  of  the  general 
form  of  Gauss's  objective,  probably  does  not  meet  the  Gaussian  condi- 
tion,— at  least  this  condition  is  extremely  critical,  and  I  believe  it  13  not 
asserti'd  that  the  objective  was  ever  thoroughly  investigated.  It  has 
been  the  father  of  no  others. 

It  is  hardly  surprising,  since  none  of  these  forma  have  any  i-eal  mf  rit, 
that  the  practical  optician  ba-s,  following  the  line  of  least  resistanet, 
lulopt'Cd  a  form  wliieli  costs  him  less  labor  than  tlioKe  heretofore  meu- 
tioned  and  is  quite  as  good.  By  making  the  curve  equicouvex  the 
ti-ouble  and  exi>enNe  of  niiiking  one  pair  of  tools  is  saved,  although  this 
would  hnrdly  api>ear  a  satisfactory  reasoii  tor  choice  of  a  particular 
form  to  the  astronomer,  who  simply  demands  the  best  possible  instra- 
mcnt  of  research. 

The  i-ejison  for  so  much  flitile  work  on  the  theory  of  the  telescope 
objective  is  not  far  t4»  seek.  It  had  always  been  tiicitly  assumed  that 
the  condition  of  color  con-ection,  one  of  those  which  serves  to  detenniue 
the  values  of  the  arbitrary  constants,  was  readily  determinable — in 
fuet,  one  of  the  ilimiie  of  the  problem,  whereas  it  is  just  this  datum 
whieh  has  otfcred  )H'culiar  diffltmlties.  Fraunhofer  brought  all  the  re- 
sources at  the  connimnd  of  his  genius  to  bear  np<m  this  point,  and  frankly 
faihti,  although  in  the  effort  he  made  a  sjdendid  discovery,  which  ha.* 
iissuittl  a  iH'nnanence  to  his  fame  no  less  than  that  of  the  history  of 
science  itself— the  disccnery  of  the  dark,  or  Fraunhofer,  lines  in  solar 
and  stelttir  siHH'Ira.  Ganss  proimsed  the  condition  that  the  best  objec- 
tive iKthatwhich  pro<luces  the  most  perfe«-t  coneeutnition  of  light  about 
the  place  of  the  piMimetrical  imii^e  of  a  iwint,  jost  as  the  best  rifle 
practice  is  thiit  which  piixbiccs  the  maximum  concentration  of  bit.« 
about  the  center  oft  he  target.  That  this  is  a  false  guide  ap]>ears  at  once 
Ihun  the  cousidcnitiou  that  if  wo  take  even  as  much  as  10  i>er  cent  of 
the  light  t^iun  au  objtH-t  and  diverted  fiiau  the  inmge  s<i  far  that  it  ran 

■■■•' '  ■  *' '   "e  teh'sco|>e  may  still  be  pntctically  i>erfe<-t;  all  of  Her- 

h  wursi«  than  this,  lint  if  you  tike  that  same  1»  per 
tntte  it  very  close  aUtnt  the  image,  the  telescope  will 
urthle-ss, 

ieulty  with  m>Kst  of  the  theorists  is  this;  There  is  no 
)e  r<'hiti\e  weight  or  imitortiince  of  unavoidable  ent>rs. 
•ontViuittHl  lit  the  v-ery  outset  by  the  fsict  that  absolute 
olor  err\tr  is  iui|>itsstbte.  for  certain  physic-al  reasons 
not  time  fi>r  ctuisitleviug  fiirther.  He  can  reduce  the 
le  old  single  lens  tyjH-  of  teles*ik])es  hundreds  of  times, 
length  of  the  tehs,-o|H>  tens  of  times.  It  is  this  fact 
the  still  larther  shoricning  of  teleseui>es,  whicli  keeps 
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the  ratio  of  leugtti  to  dittmeter  not  less  tliaa  tifteeu  to  one  in  liirge  tele- 
scopes. This  restriction  being  recognized,  let  ns  revise  our  HmitiDg  con- 
ditions. They  now  become,  first,  flxed  focal  lengtli;  second,  best  color 
correction;  third,  f^^edoni  from  spherical  aberration  for  a  particular 
wave-length  of  light.  We  therefore  have  still  one  arbitrary  constant 
nn determined.  How  shall  we  fix  its  value,  and  thus  solve  the  pn>bleni 
completely !  Surely  there  is  only  one  rational  guide.  Consider  the 
nsidaal  errors  and  make  the  fourth  (K)nditiou  such  as  to  reduce  these 
errors  as  far  as  possible.  Now  the  only  remaining  errors  are  secondary 
color  error  and  spherical  aberration  for  colors  other  than  tliut  for  wliicli 
it  is  eliminated,  or  mure  scientifically,  chromatic  difi'erence  of  spherical 
aberration.  Which  of  these  is  the  gravest  defect!  Our  answer  must 
dejiend  upon  the  use  to  which  the  objective  is  to  be  put.  If  it  is  a 
Mgh-power  microscope  objective,  it  is  certainly  the  second.  If  it  is  an 
objective  to  be  used  for  photographing  at  considerable  angular  dis- 
taoces  from  the  axis,  our  question  loses  its  physifutl  significance,  since 
we  have  excluded  the  consideration  of  ewentric  refraction.  But  if  the 
objective  is  to  in-  for  a  visual  teleJicoi)6,  there  is  no  (inestion  that  the 
defect  of  8ec<indary  color  error  is  incomparably  the  most  serious.  Our 
fnnrth  and  determining  i-otidition  must,  therefore,  be  better  color  cor- 
rection. 

These  are  therefore  the  considerations  which  have  ser^'ed  as  guides 
in  the  omstruction  of  the  Carleton  College  objective.  First,  the  selec- 
tioti  of  the  materials  which,  in  the  present  condition  of  the  art  of  opti- 
«1  glass  making,  possess  in  the  highest  degree  the  desired  physical 
propertie.s;  sei-ond,  a  general  dist^ussion  of  every  possible  combination 
o(  these  two  pieces  of  glass  and  a  selection  of  the  forms  which  yield 
the  best  attainable  results.  This  conscientious  stnfe  after  scientific 
perfection,  the  unexcelled  skill  with  which  the  results  of  analysis  have 
Iwen  interpreted  into  the  reality  of  substance,  the  gratif^'ing  identity 
orpre4licted  and  realized  values  of  physical  characteristics — all  of  these 
have  led  some  of  those  who  have  watche<1  the  growth  of  this  new  iu- 
stniDient  of  re«eai'ch  with  tlie  most  solicitous  attention  t«  the  belief 
tbat  although  not  the  most  powerful  in  existenw  it  may  well  be  the 
most  perfect  great  telescope  yet  made.  Let  ns  therc^fore  congratulate 
Ibe  possessors  of  this  noble  instrument,  wish  them  God  speed  in  their 
search  after  knowltdge,  while  we  remind  them  that  although  no  as- 
trunoDier  can  ever  make  another  <liseovery  which  will  rival  that  made 
by  the  insignificant  tube  first  directed  toward  the  heavens  by  the 
Paduan  philosopher,  yet  iw  mind  can  weigh  the  imimrtance  of  any 
tmth,  however  trivial  in  a|)pearance,  which  may  be  atlded  to  that  store 
which  we  call " 
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By  Sir  Archibald  Geikie, 
Director- General  of  the  Qeologiral  Survey  of  Great  Britain. 


In  Its  beiiefieeut  progress  through  the»e  islfiudN  the  British  Asso- 

'cijlioii  for  tLe  Advancemeut  of  Science  now  fi»r  the  fourth  time  rceives 

a  nelcuiite  iu  tliis  aucieut  capital.    Once  agaiu,  niider  the  slmdow  of 

tliet*  antKjuc  twwers,  crowded  memories  of  a  romantic  past  fill  our 

th(jnght«.    Tlie  Ktoriny  auiiala  of  Scotland  seem  to  move  in  p<iBses8ion 

bet<ire  our  eyes  as  we  walli  these  streets,  whose  names  aud  traditions 

bj\e  been  made  familiar  to  the  civilized  world  by  the  genius  of  litera- 

I  tiiri'.    At  every  turn,  too,  we  are  rcmindetl,  by  the  monumeittfi  which 

!  a  grateful  city  has  erected,  tliat  for  many  generations  the  pursuits 

vliich  we  are  now  assembled  to  foster  have  had  here  their  congenial 

hume.    Literature,  philosophy,  science,  have  each  in  tuiii  been  guided 

by  the  iulluunee  of  the  great  masterK  who  have  lived  here,  and  whose 

rfiioim  is  the  brightest  gem  in  the  chaplet  around  the  brow  of  this 

^tieen  of  the  North. 

Uggering  for  a  moment  over  these  local  associatious,  we  shall  And  a 

PMtiar  appropriateness  in  the  time  of  this  renewed  visit  of  the  Asso- 

fialioQ  to  Edinburgh.     A  hundred  years  ago  a  remarkable  gronp  of 

mi'ii  was  discussing  here  the  great  pi-ohlem  of  the  history  of  the  earth. 

■'iines  llutton,  after  many  years  of  travel  and  reflection,  had  com- 

"inQicited  to  the  Royal  Society  of  this  city,  in  the  year  1785,  the  first 

'4(lines  of  his  famons  Theory  of  the  Earth.     Among  those  with  whom 

'  ^  took  counsel  in  the  elaboration  of  his  doctrines  were  Black,  the 

'llostrious  discoverer  of  fixed  air  aud  latent  heat;  Clerk,  the  sagac- 

iwB  inventor  of  the  system  of  breaking  the  enemy's  line  in  naval  tac- 

liis;  Hall,  whose  fertile  ingenuity  devised  the  first  Hyst^-ui  of  cxi)eri- 

I  nientsin  illnstratioit  of  the  structure  and  origin  of  rocks;  aiidPlayt'air, 

Dirough  whose  sympathetic  eutliusiasm   and  literary  skill  Huttou'.s 

I  vicva  came  ultimately  to  be  nnderBt(H>d  aud  appreciated  by  the  world 

It  large.    With  these  fHends,  so  well  able  to  comprehend  and  criticise 

his  eflorts  to  pierce  the  veil  that  shrouded  the  history  of  this  globe,  lie 

I      '  Pruidential  Addrees  before  tbo  Britiah  Asaociatioa   for  the  Advancemeut  uf 
Science;  at  Edinbutgb,  Anguitt  3.  1S92.     (Reporl  Brit.  Anoc.  J.  S.  1892,  vol.  ucii, 
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pai-ed  the  strvttlu  amid  wliich  we  are  now  gathered  ti^ether:  with  them 
he  sought  the  crags  and  ravines  aruatid  os.  wbo^in  Xatore  hae  laid 
opeii  !>o  many  impreSHive  reeonl.s  of  bvr  pa^t;  with  tbem  he  salliiii  | 
turth  on  those  memorable  ezpeditionrt  to  distant  parts  of  Seotlaud,  | 
whence  he  returned  Uwlen  with  treaitareH  from  a  field  of  obwn'ation 
wliiL-h,  thoutfh  now  :^t  t'amUiar.  waD  then  almont  nntrodden.  The  txti- 
teiiury  of  Uuttou*s  Theory  of  the  Earth  !»  an  event  in  the  aonalsof 
M'U'Ui-e  which  seems  most  fittingly  celebrated  by  a  meeting  of  tbe 
British  Assofiation  in  EiUnbnrgh. 

lu  choosing  from  among  the  many  sabjeets  which  might  pruperiy 
uiigHge  your  attcntiua  on  the  present  occasion,  I  have  thooght  that  it 
would  not  be  inappnipriate  nor  oninteresting  to  consider  the  mon 
Halieiit  features  of  that  Theor>-.  and  to  mark  how  maeh  in  certain 
ilfpHirmi^iits  of  iiit|uiry  has  sprang  from  the  frnitfol  teaching  of  iU 
auclioi'  and  his  ussoeiates. 

It  w»s  a  fuu^ameutul  doctrine  of  Huttoii  and  his  school  that  this 
Ijlolio  has  not  always  worn  the  aspect  which  it  bears  at  present;  that 
oil  [hf  i-oii I iiiry,  proofs  uiay  everywhere  be  culled  that  the  land  which 
MO  uo»  sec  liiis  been  tormedoiitiif  the  wreck  of  an  older  laud.  Among 
IIh'xI)  |it'o«it's,  the  most  obvious  are  supplied  by  aome  of  the  more 
fitiiiiliiir  kinds  of  ii>cks  which  teach  as  that,  thongh  they  are  now  por- 
I  iDiin  of  thi-  dry  hnnl.  they  wei-e  originally  sheets  of  gravel,  sand,  and 
UMul,  u  tiich  had  Ihn'U  woru  from  the  tace  of  long-vanjsbed  continents, 
himI  aftor  bciiifj  spread  out  over  the  tliwr  of  the  sea  were  consolidatwi 
lull)  ('<>iii|iai't  .iiuiR,  aitd  were  ttnally  broken  up  and  raised  once  more 
lo  lot  iti  [lari  i>f  tho  dry  land.  This  cycle  of  change  involved  two  great 
».t  qiciii^  iif  iialural  processes.  (>u  the  one  hand,  men  were  tanghtthat 
li>  I  lie  ail  ion  of  running  water  the  materials  of  the  solid  laud  are  iu  a 
qlalti  of  coiitiiiiial  decay  and  tratis|)ort  to  the  ocean.  Ou  the  otber 
Itaiiil,  tlio  ^H-cau  Hoiu-  is  liable  fmm  time  to  time  to  be  upheaved  by 
in-tm-L  qlii|>eiiduus  iiiterual  tbrce  akin  to  that  which  gives  risetotliv 
>iiliai»>  •tati  the  carthiiuake.  Ilutton  further  perceived  that  not  only 
Ii.mI  tlit>  viinMilidatcd  materials  been  disrupted  and  elevated,  but  that 
HOI '  it*  of  iiioltci)  tiH'k  had  Ifeeii  thrust  upwaril  among  them,  and  had 
I  ,.i.ii  il  .mil  vi>:^lalli>'.c<l  iu  large  bmlies  of  granite  and  other  eniptiv« 
i,>i  ki  IV  till  It  lor  III  Ml  pnuiiiueut  a  teature  ou  the  earth's  surface. 

Il  wio  ,1  HiH-i'ial    ■hai-actertsttc  of  this  philosophical  system  that  it 

.-I't   111  ilio  cliaiigct  now  in  progress  ou  the  earth's  surfat;ean  ex- 

|,l ,i)<>a  ol  (lii>Hi>  which  occurrcfl  iu  older  times.     Its  founder  refused 

i<.  iini  III  r-m-"*  or  uiinles  of  o|>erati<>n.  fur  thosi.'  with  which  he  was 
t.|>iitli>ii  Mi^viiM'd  In  hitii  »dei[uate  to  solve  the  problems  with  which  be 
>iMi<>ii|<><  il  li>  di>iil.  Nowhere  was  the  profoundness  of  his  insight  more 
.1  .t<.i.t';l<li>i;  Ih'ti)  III  the  ch'ar,  definite  way  in  which  he  proclaimed  and 
M-iM'i'tli  it  III-"  ((iHlriue.  timt  every  part  of  the  surface  of  tbe  continents, 

Ill  I  •till  ti'|i  ti>  seashore,  is  coutiuaally  undergoing  decay,  and  is 

-ty  itAvellluy  to  tbe  sea.    He  sav  that  no  sooner  will  the  sea 
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floor  be  eievateil  into  new  land  than  it  maet  ueuesaarily  become  a  prey 
to  thia  universal  and  unceasing  degradation.  He  perceived  tbat  as  the 
transport  of  disintegrated  material  is  carried  od  chiefly  by  ruDoing 
rater,  rivers  mast  slowiy  dig  out  for  themselves  the  channels  in  which 
they  flow,  and  thus  that  a  system  of  valleys,  radiating  ftom  the  water 
]iarting  of  a  country,  must  necessarily  result  from  the  descent  of  the 
atreams  from  the  mountain  crests  to  tlie  sea.  He  discerned  that  this 
ceaseless  and  wide-spread  decay  would  eventually  lead  to  the  entire 
ileniolitioii  of  the  dry  land,  but  he  contended  that  from  time  to  time 
tliis  catastrophe  is  prevented  by  the  operation  of  the  underground 
forces,  whereby  new  continents  are  upheaved  from  the  bed  of  the  ocean. 
And  thus  ID  his  system  a  due  proportion  is  maintained  between  land 
aoil  wat«r,  and  the  condition  of  the  earth  as  a  hiibitable  globe  is  pre- 
iffved. 

A  theory  of  the  earth  so  simple  in  oatline,  so  bold  in  conception,  so 
foil  of  suggestion,  and  resting  on  so  broad  a  base  of  observation  and 
reflection,  ought  {we  might  think)  to  have  commanded  at  once  the  atten- 
tion of  men  of  science,  even  if  it  did  not  immediately  awaken  the  inter- 
ret  of  the  outside  world;  but,  as  Playfair  sorrowfully  admitted,  it 
attracted  notice  only  very  slowly,  and  sevenil  years  elapsed  before  any 
oDe  showed  himself  publicly  concerned  about  it,  either  as  an  enemy  or 
a  Mend.  Some  of  its  earliest  critics  assailed  it  for  what  they  asserted 
to  be  its  irreligious  tendency, — au  accusation  which  Huttou  repudiated 
■ith  much  warmth.  The  sneer  levelled  by  Cowper  a  few  years  earlier 
»t  all  iu4)uiries  into  the  history  of  the  universe  was  perfectly  natural 
ami  intelligible  from  that  poet's  point  of  view.  There  was  then  a  wide- 
tyread  belief  that  this  world  came  into  existence  some  six  thousand 
T^^ara  ago,  and  that  any  attempt  greatly  to  increase  that  antiquity  was 
"wrnt  as  a  blow  to  the  authority  of  Holy  Writ  Si»  far  however  from 
iining  at  the  overthrow  of  oithodox  beliefs,  Hutton  evidently  reganled 
his  "Theory"  as  an  important  contribution  in  aid  of  natural  religion. 
He  dwelt  with  unfeigned  pleasure  on  the  mnltltude  of  proofs  which  he 
»as  able  to  accumnlat*  of  an  orderly  design  in  the  operations  of  nature, 
decay  and  renovation  being  so  nicely  balanced  as  to  maintain  the  hab- 
itable condition  of  tlie  planet.  But  as  he  refused  to  a^lmit  the  pre- 
dominance of  violent  action  in  terr&strial  changes,  and  on  the  contrary 
wntended  for  the  efBcacy  of  the  (luict,  continuous  pnwesses  which  we 
cau  even  now  see  at  work  around  us,  he  was  constrained  to  require  an 
uiiUmited  duration  of  past  time  for  the  production  of  those  revolutions 
ufirbieh  he  perceived  sach  clear  und  abundant  proofs  in  the  crust  of 
the  earth.  The  general  public,  however,  failed  to  coni])reheiid  that  the 
dot'trine  of  the  high  antiquity  of  the  globe  was  not  inconsistent  with 
the  comparatively  recent  appearance  of  man, — a  distinction  which  seems 
BO  obvious  now. 

Hutton  died  in  17fl7,  beloved  and  regretted  by  the  circle  of  friends 

vho  had  learned  to  appreciate  his  estimable  charactei-  and  to  admire  bis 
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genius,  but  n'ith  little  recognition  tVotn  the  world  ut  large.  Men  knew 
not  then  tliat  a  great  ni»ster  had  passed  away  from  tlieir  midst,  who 
had  laid  broad  and  deep  the  fouiKlatioiia  of  a  new  science;  that  his 
name  would  become  a  household  word  in  after  generations,  and  that 
pilgrims  wouhl  come  from  distant  lands  to  visit  the  scenes  from  which 
lie  drew  his  inspiration. 

Many  years  might  have  elapsed  before  Hnttou's  teaching  met  with 
wide  acceptance,  had  its  recognition  depended  solely  on  the  writingB  of 
the  philosopher  hiniselK  For,  despite  his  tirm  gntsp  of  general  priii- 
i.'i])le5  and  his  mastery  of  the  minutest  details,  he  hrnl  acquired  a  liter- 
ary style  which,  it  must  l)e  admitted,  was  singularly  unattra<-tive. 
Fortunately  for  his  fame,  as  well  as  for  the  cause  of  science,  his  devoted 
friend  and  disciple,  Playfair,  at  once  set  himself  to  draw  up  an  exposi- 
tion of  Button's  views.  After  five  years  of  labor  on  this  task  there 
appeared  the  classic  "  Illustrations  of  the  Iluttonian  Theory,"  a  work 
which  for  luminous  treatment  and  graceful  diction  stands  still  without 
a  rival  in  English  geological  literature.  Though  professing  merely  to 
set  forth  his  friend's  doctrines,  Playfair's  treatise  was  in  many  raspect* 
an  original  contribution  to  science  of  the  highest  value.  It  placed  for 
the  first  time  in  theclearest  light  the  whole  philosophy  of  Hutton  regard- 
ing the  history  of  the  earth,  and  enforced  it  with  a  wealth  of  reasoning 
and  copiousness  of  illustration  which  obtained  for  it  a  wide  apprecla- 
atiou.  From  long  converse  with  llutton,  and  from  profound  reSectloii 
himself,  Playfair  gained  such  a  comprehension  of  tlie  whole  subject, 
that  discarding  the  non-essential  parts  of  his  master's  teaching,  he  w»s 
able  to  give  so  lucid  and  accurate  au  exposition  of  the  general  scheme 
of  Nature's  operations  on  the  surface  of  the  globe,  that  with  only  slight 
corrections  and  expansions  his  treatise  may  serve  as  a  text-book  to-day. 
In  some  respects,  indued,  his  volume  was  long  in  advance  of  its  time. 
Only,  for  example,  within  the  present  generation  has  the  truth  of  his 
teaching  in  regard  to  the  origin  of  valleys  been  generally  admitted. 

Various  causes  contributed  to  retard  the  progress  of  the  Huttonian 
doctrines.  Especially  potent  was  the  influence  of  the  teaching  of  Wer- 
ner, who,  though  he  pen^eived  that  a  definite  order  of  sequence  could 
be  recognized  among  the  materials  of  the  earth's  crust,  had  fonii«l 
singularly  narrow  conceptions  of  the  great  processes  whereby  that 
crust  has  been  built  up.  His  euthusiam,  however,  fired  his  disciples 
with  the  zeal  of  proselytes,  and  they  spread  themselves  over  Europe  to 
preach  everywhere  the  artificial  system  which  they  had  learned  in  Sax- 
ony. By  a  curiousfate  Edinburgh  became  one  of  the  great  headquarters 
of  Wernerism.  The  friends  and  followers  of  Hutton  found  themselves 
attacked  in  their  own  city  by  zealots,  who  proud  of  superior  minera- 
logical  acquirements,  turned  their  most  cherished  ideas  upside  down 
and  assailed  them  in  the  uncouth  jargon  of  Freiberg,  Inasmuch  as 
subterranean  heat  had  been  invoked  by  Hutton  as  a  force  largely  in- 
strumental in  consolidating  and  upheaving  the  ancient  sediments  that 
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now  form  «>  great  a  part  of  the  tlry  land,  his  followern  'vure  ui<;knaiDed 
I'latuniats.  On  the  other  hand,  iW  the  agency  of  water  was  almoHt 
iloDe  admitted  by  Werner,  who  believed  the  rocks  of  the  earth's  crnst 
hi  have  been  chiefiy  chemical  precipitates  from  a  primeval  universal 
oreuD,  thotte  who  a4lopted  his  views  received  tbe  e<)ual]y  descriptive 
name  of  Kejitunists.  The  battle  of  these  two  wjntendinp;  schools  raged 
fiercely  here  tor  some  yeara,  an<l  though  mainly  from  tbe  youth,  zeal, 
utd  energy  of  Jameuon,  and  the  influence  which  his  position  as  pro- 
lessor  in  the  university  gave  him,  the  Werncrian  doctrines  coutioued 
to  bold  their  place  they  were  eventually  abandoned  even  by  Jameson 
himself,  and  tbe  debt  due  to  tbe  memory  of  Huttoii  and  Playfair  was 
Unlily  acknowledged. 
The  pursuits  and  the  ((uarreU  of  philosphcrs  have  from  early  times 
IwD  a  favorite  subject  of  merriment  Ut  the  outside  world.  Such  afeud 
uthM.  between  the  Plntouists  and  Neptunist.s  would  be  sure  to  furnish 
abandant  matter  for  the  gratification  of  this  propensity.  Turning  over 
tlie  pages  of  Kay's  "  Portraits,"  where  so  much  that  was  distinctive  of 
Edinburgh  society  a  hundred  years  ago  is  embalmed,  we  And  Huttoa's 
jierwnal  peculiarities  and  pursuits  touchetl  ott'in  good-humored  carica- 
liire.  In  one  plat«  be  stands  with  arms  folded  and  hammer  in  hand, 
meditating  on  tlie  fat^e  of  a  cliff,  from  whicli  rocky  pronuuences  in 
f\\A\te  of  human  faces,  perhaps  grotesque  likenesses  of  his  scientific 
opponents,  grin  at  him.  In  another  engraving  he  sits  in  conclave  with 
bi>  friend  Black,  possibly  arranging  for  that  famous  banquet  of  garden 
hDsils  which  tbe  two  worthies  had  persuaded  themselves  to  look  upon 
as  3  sti-angely  neglected  form  of  human  food.  More  than  a  generation 
!atci,  when  the  Hnttonists  and  Werneiists  were  at  the  height  of  their 
Antagonism,  tbe  humorous  side  of  the  controversy  did  not  escape  the 
mfeeof  the  author  of  "Waverley,"  who,  you  will  remember,  when  he 
tsAfu  Meg  Dods  recount  the  various  kinds  of  wise  folk  brought  by 
Udy  Penelope  Pennfeather  fn)rn  Edinburgh  to  St.  Konao's  Well,  does 
u)t  forget  to  include  those  who"nn  uphill  and  down  date,  knapping 
tbe  (hucky-stanes  U>  pieces  wi'  hammers  (like  sae  mony  road-makers 
ran  daft),  to  see  how  the  warld  was  made." 

Among  the  names  of  the  friends  and  followers  of  Button  there  is  one 
*liivb  on  this  occasion  deserves  to  be  held  in  especial  honor,  that  of 
Sir  James  Hall,  of  DuTiglaus.  Having  accompanied  Hutton  in  some 
of  his  excursions,  and  having  discussed  with  him  the  problems  pre- 
wiited  by  the  rocks  of  Scotland,  Hall  was  familiar  with  the  views  of 
his  master,  and  was  able  to  supply  him  with  fresh  illustrations  of  them 
iTnm  different  parts  of  the  country.  Gifted  with  remarkable  originality 
and  ingenuity,  lie  s«Kin  perceived  that  some  of  the  questions  involved 
ill  the  theory  of  the  earth  could  probably  be  solved  by  direct  physical 
I'lyteriment,  Hutton  however  mistmsted  any  attempt  "to  judge  of 
tlie  great  operations  of  nature  by  merely  kindling  a  fire  and  looking 
into  the  bottom  of  a  little  crucible."    Out  of  detteeooe  to  this  pi'eja- 
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dice  Hall  delayed  to  carry  out  iiis  intention  during  Hnttun's  lifetiine. 
But  afterwards  he  instituted  a  remarkable  series  of  researches  which 
are  memorable  in  the  history  of  science  as  the  first  methodical  endeavor 
to  test  the  value  of  geological  speculation  by  an  appeal  to  actual  ex- 
periment. The  Neptunists,  in  ridiculing  the  Hutt^tnian  doctrine  that 
btiSiilt  and  similar  rocks  had  once  been  molten,  a^eert^Kl  that,  had  such 
been  their  origin,  these  masses  would  now  be  found  in  the  condition  of 
glass  ot  slag.  Hall  however  triumphantly  vindicated  his  friend's  view 
by  proving  tinit  basalt  could  be  fused,  and  thereafter  by  slow  cooling 
could  be  made  to  resume  a  stony  texture.  Again,  Hutton  had  asserted 
that  under  the  Vi^st  pressures  which  must  be  effective  deep  within  the 
earth's  crrust,  chemical  reactions  must  he  powerfully  influenced,  and 
that  under  such  conditions  even  limestone  may  conceivably  be  melted 
without  losing  its  carbonic  acid.  Various  specious  arguments  had 
been  adduced  against  this  prajwsition,  but  by  an  ingeniously  devised 
series  of  experiments  Ilall  succeeded  in  converting  limestoue  under 
great  pressure  into  a  kind  of  marble,  and  even  lused  it,  and  found  thai 
it  then  acted  vigorously  on  other  rocks.  These  admirable  researches, 
which  laid  the  foundations  of  experimental  geology,  constitute  not  the 
least  memorable  of  the  services  rendered  by  the  Huttonian  school  to 
the  progress  of  science. 

Clear  as  was  the  insight  and  sagacious  the  inferences  of  these  great 
masters  in  regard  to  the  history  of  the  globe,  their  vision  was  neces- 
sarily limited  by  the  comparatively  narrow  range  of  ascertained  fact 
which  up  to  ttieir  time  had  been  established.  They  taught  men  to 
recognize  that  the  present  world  is  built  of  the  ruins  of  au  earlier  one, 
and  they  explained  with  admirable  jierspica^ity  the  operation  of  the 
processes  whereby  the  degradation  and  renovation  of  land  are  brought 
about.  But  they  never  dreamed  tliat  a  long  and  orderly  series  of  such 
successive  destructions  and  renewals  bad  taken  place  and  had  lett 
their  records  in  the  crust  of  the  earth.  They  never  imagined  that  from 
these  rccoi'ds  it  would  be  jiossible  to  establish  a  determinate  chro- 
uology  that  could  be  read  everywhere  and  applied  to  the  elucidation 
of  the  remotest  quarter  of  the  globe.  It  was  by  the  memorable  obser- 
vations and  generaliziitions  of  William  Smith  that  this  vast  extension 
of  our  knowledge  of  the  past  history  of  the  earth  became  possiblfc 
While  the  Scottish  philosophers  were  building  up  their  theory  here, 
kjmith  was  cjnictly  ascertainiugbyextendedjourueys  that  the  stratitied 
rocks  of  the  west  of  England  occur  in  a  definite  sequence,  and  that 
each  well-marked  group  of  them  can  bo  discriminated  from  the  others 
and  identified  across  the  country  by  means  of  its  inclosed  organic 
remains.  It  is  nearly  a  hundred  years  since  he  made  known  his  views, 
so  that  by  a  curious  coincidence  we  may  fitly  celebrate  on  this  occasion 
the  centensiry  of  William  iSmith  as  well  as  that  of  James  Hutton.  No 
'  discovery  has  ever  ha<l  a  more  momentous  and  far  reaching  in- 
in  the  progress  of  a  science  than  that  lav  of  orgauie  succession 
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vbich  Smitli  eBtabliahecl.  At  first  it  served  merely  to  determine  the 
order  of  the  stratifteci  rnckH  of  England.  But  it  soon  proved  to  posBess 
a  vorld-wide  value,  for  it  was  found  to  furnish  the  key  to  the  struc- 
ture of  the  whole  strfttifled  crunt  of  the  earth.  It  showed  that  within 
tbftt  crust  lie  the  chronicles  of  a  long  history  of  plant  and  animal  life 
upon  this  planet,  it  supplied  the  means  of  arranging  the  materials  for 
thiH  history  in  true  chronological  sequence,  and  it  thus  iiiyened  out  a 
miigiiiAc«iit  vistft  through  a  vast  series  of  ages,  ea<:h  marked  by  its 
own  distinctive  types  of  organic  life,  which,  iu  proportion  to  their  an- 
tic|iiity,  departed  more  and  more  from  the  aspect  of  the  living  world. 

Thos  a  hundred  years  ago,  by  the  brilliant  theory  of  lluttoii  and  the 
frnitful  generalization  bf  Hmith,  the  study  of  the  eaith  received  in  our 
country  the  inipetus  which  has  given  birth  Ut  the  modern  science  of 
j{eok»gy. 

To  review  the  marvellous  progress  which  this  science  lias  made  dur- 
ing the  first  century  of  its  existence  would  require  not  one,  but  many, 
boors  for  adeiguate  treatment.  The  march  of  discovery  has  advanced 
along  a  multitude  of  different  paths,  and  the  domains  of  nature  which 
have  been  included  within  the  growing  territories  of  buniaii  knowledge 
bave  been  many  and  ample.  Xevertbeless,  there  nre  cei'tain  depart- 
ments of  investigation  to  which  we  may  jirofitably  restrict  our  atten- 
tion on  the  present  occasion,  and  wherein  wc  may  see  liow  the  leading 
principles  that  were  proc1aime<l  in  this  city  a  hundred  years  ago  have 
gmutuated  and  borne  fruit  all  over  the  world. 

Prom  tlie  earliest  times  the  natural  features  of  the  earth's  surface 
have  arrested  the  attention  of  mankind.  The  rugged  mountain,  the 
deft  ravine,  the  scarped  cliff,  the  .solitary  bowlder,  have  stimulateil 
curiosity  and  prompted  many  a  speculation  as  to  their  origin.  The 
shells  embedded  by  millions  in  the  solid  rocks  of  hills  far  removed  iVoni 
tbe  seas  liave  still  farther  pressed  home  these  "obstinate  questioiiings." 
But  for  many  long  centuries  the  advanc*  of  inquiry  into  such  mutters 
T.'ksarresteil  by  the  paramount  influence  of  orthodox  theology.  It  was 
uot  merely  that  tbe  church  op[)osed  itself  to  the  simple  mid  obvious  in- 
terpretation of  these  natural  phenomena.  So  implicit  had  faith  become 
in  the  accepted  views  of  the  earth's  age  and  of  t)ie  history  of  creation, 
that  even  laymen  of  intelligence  and  learning  set  themselves  unbidden 
and  iu  perfect  good  faith  to  explain  away  the  difficulties  which  nature 
80  persistently  raised  up,  and  to  reconcile  her  teachings  with  those  of 
tbf  theologians.  In  the  various  theories  thus  originatiii)|!,  the  amount 
of  knowledge  of  natural  law  usually  st^MKl  in  inverse  ratio  to  the  share 
played  iu  them  by  an  uneoutnilled  imagination.  The  s]}eculations,  tor 
example,  of  Buruet,  Whiston,  Whitehurst,  and  others  in  this  country, 
can  not  be  rend  now  witbuut  a  smile.  In  no  sense  were  they  scientific 
researches;  they  can  only  be  looked  upon  as  exercitatioiis  of  learned 
iRiiontncc.  Springing  mainly  out  of  a  laudable  desire  to  )>romote  wb' 
VftB  believed  to  be  the  cause  of  true  religion,  they  helped  to  re< 
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inqairy,  and  exercised  in  thai  respect  a  banefiil  influence  on  intellectoa] 
progress. 

It  in  the  special  glory  of  the  Edinburgh  school  of  geology  to  hare 
east  aside  all  this  fanciful  trifling.  Button  boldly  proclaimed  that  it 
was  no  part  of  his  philosophy  to  account  for  the  beginning  of  things. 
His  concern  lay  only  with  the  evidence  furnished  by  the  earth  itself  as 
to  its  origin.  With  the  intuition  of  true  genius  he  early  perceived  that 
the  only  solid  basis  from  which  to  explore  what  has  taken  place  in 
bygone  time  is  a  knowledge  of  what  is  taking  place  to-day.  He  thus 
founded  his  system  upon  a  careful  study  of  the  processes  whereby  ge* 
logical  changes  are  now  brought  about.  He  felt  assured  that  Nature 
must  be  consistent  and  uniform  in  her  working,  and  that  only  in  pnv 
portion  as  ber  operations  at  the  present  time  are  watched  and  under- 
stood will  the  ancient  history  of  the  earth  beoune  intelligible.  Thuit, 
iu  his  bauds,  the  investigation  of  the  Present  became  the  key  to  tbr 
interpretation  of  the  Past.  The  establishment  of  this  great  truth  wa* 
the  first  step  towards  the  inaugnratiou  of  a  true  science  of  the  eartii. 
The  doctrine  of  the  uniformity  of  causation  in  Nature  be4-ame  tlie 
fruitful  principle  on  which  the  structure  of  modern  geology  could  be 
built  ap. 

Fresh  life  was  now  breathed  into  the  study  of  the  earth.  A  new 
spirit  seemed  to  animate  the  advance  along  every  pathway  of  inqain,'. 
Facts  that  had  long  been  familiar  came  to  possess  a  wider  and  deeper 
meaning  when  their  connectiou  with  each  other  was  recognized  as  parts 
of  one  great  harmonious  system  of  coutinnons  change.  In  no  depart 
nient  of  Nature,  for  example,  was  this  broader  vision  more  remarkably 
displayed  tlian  iu  that  wherein  the  circulation  of  water  between  land 
and  sen  plays  the  most  conspicuous  part.  From  the  earliest  times  men 
had  watched  the  coming  of  clouds,  the  fall  of  rain,  the  flow  of  rivei'S, 
and  had  recognized  that  on  this  nicely  adjusted  machinery  the  benuty 
and  fertility  of  the  land  dc|>cnd.  But  they  now  learued  that  this 
benuty  and  fertility  involve  a  i-ontinual  decay  of  the  terrestrial  sui-faee; 
that  the  soil  is  a  measure  of  this  decay,  and  would  cease  to  afl'ord  us 
maintenance  were  it  not  continually  i-emoved  and  renewed;  thai 
thriuigh  the  ceaseless  transpm-t  of  soil  by  rivers  to  the  sea  tlie  tUce  nf 
t  lie  land  is  slowly  1owere4l  in  level  and  carveil  into  mountain  and  valley. 
and  that  the  materials  thus  borne  outwanis  to  the  floor  of  the  ocean 
iii-e  not  lost,  but  uceunntlate  thej-e  lo  form  rocks,  which  in  the  end  vrill 
he  upraised  intti  new  lands.  Decay  and  renovation,  in  well- balanced 
pi'Oportioiis,  were  thus  shown  to  be  the  system  on  which  the  existena' 
of  the  earth  as  a  habitable  gh>l)e  ]\sul  been  established.  It  was  impos 
sibte  to  conceive  that  the  e<-onomy  of  the  planet  enuld  be  maintained 
on  any  other  basis.  Without  the  circulation  of  water  the  life  of  plaiit.> 
and  animals  would  be  ini]K>sstble,  and  with  that  circulation  the  decay 
of  the  surfoiH'  of  the  land  and  the  renovation  of  its  disintegrated  mate- 
riatti  are  nem-ssarily  iu\-olveii. 
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As  it  ifi  DOW,  so  must  it  have  beeu  in  past  time.  Button  and  Flay- 
&ir  poiDt«<l  to  tbe  stratified  rocks  nf  the  eartli'x  crust  as  demoDStra- 
tions  tbnt  the  same  processes  wliich  are  at  work  to-day  liave  beeu  in 
operation  from  a  remote  antiquity.  By  tlius  fila<-iug  tbeir  theory  on  a 
basis  of  actual  observation,  and  providing  in  the  study  of  existing 
operations  a  guide  to  tlie  interpretation  of  those  in  past  times,  they 
rescued  the  investigation  of  tbe  history  of  the  earth  from  the  specnla- 
tions  of  tlieologians  and  cosmologists,  and  established  a  place  for  it 
amoug  the  recognized  inductive  sciences.  To  the  guiding  influence  of 
their  philosophical  system  the  prodigious  strides  made  by  modem 
geology  are  in  large  measure  to  be  attributed.  And  here  in  their  own 
eity,  after  the  lapse  of  a  hundred  years,  let  us  offer  to  their  memory 
the  grateful  homage  of  all  who  have  profited  by  their  labors. 

But  while  we  recognize  with  admiration  the  far-reachniginfluenceof 
tlie  doctrine  of  uniformity  of  causation  in  the  investigation  of  the  his- 
tory of  tlie  earth,  we  must  upon  reflection  admit  that  the  doctrine  has 
been  pushed  to  an  extreme  perhaps  not  contemplated  by  its  original 
rounders.  To  take  the  esistiug  conditions  of  Nature  as  a  platform  of 
actual  knowledge  from  which  to  start  in,  an  inquiry  into  former  condi- 
tions was  logical  and  prudent.  Obviously,  however,  human  experience, 
ID  tbe  few  centuries  during  which  attention  has  been  turned  to  such 
sabject'f,  lias  been  too  brief  to  warrant  any  dogmatic  assumption  that 
the  Viirions  natural  processes  must  ba\'e  been  carried  on  in  the  past 
vitb  the  Name  energy  and  at  the  same  rate  as  tliey  are  carried  on  now. 
Variations  in  energy  might  have  been  legitimately  conceded  as  possi- 
ble, though  not  to  be  allowed  without  reasonable  proof  in  their  favor. 
Itvas  riglit  to  refuse  to  admit  the  operation  of  speculative  causes  of 
rkuge  when  the  phenomena  were  cajiable  of  natural  and  adequate 
eiplanation  by  reference  to  causes  that  (ran  be  watched  and  investi- 
^ted.  But  it  was  an  error  to  take  for  granted  that  no  other  kind  of 
process  or  influence,  uor  any  variation  in  the  rate  of  activity  save  those 
of  which  man  has  had  actual  cognizance,  has  played  a  part  in  the  ter- 
t«strial  economy.  The  uuiformitarlan  writers  laid  themselves  open  to 
the  charge  of  maintaining  a  kind  of  i>er|H;tual  motion  in  the  machinery 
of  Nature.  They  could  find  in  the  records  of  the  earth's  history  no 
evidence  of  a  beginning,  no  prospect  of  an  emi.  They  saw  that  many 
KDccessive  renovations  and  destmctions  ha<l  been  eflW^ted  on  the 
earth^a  surface,  and  that  this  long  line  of  vicissitudes  formed  a  series 
of  which  the  earliest  were  lost  in  antiquity,  while  tlie  latest  were  still 
Id  progress  towards  an  apparently  illimitable  future. 

The  discoveries  of  William  Smith,  had  they  been  adequately  nnder- 
stood,  would  have  been  seen  to  ofler  a  (corrective  to  this  rigidly  nni- 
formitanan  conception,  for  they  revealed  that  the  crust  of  the  earth 
contains  the  long  record  of  an  unmistakable  order  of  pn>gression  in 
organic  types.  They  proved  that  plants  and  animals  have  varied 
widely  in  successive  periods  of  the  earth's  history;  the  present  co** 
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ditioD  of  orgaoic  life  being  only  the  latest  phase  of  a  long  preceding 
sei'ieH,  eaoh  stage  of  which  rec€de8  farther  from  the  existing  aspect  of 
things  aa  we  trace  it  backward  into  the  past.  And  though  no  relic 
had  yet  been  found,  or  indeed  was  ever  likely  to  be  foand,  of  the  first 
living  things  that  appeared  npon  the  earth's  surface,  the  manifest  sim- 
plification of  tj'pes  in  the  older  formations  pointed  ineeistibly  to  ^onie 
beginning  from  which  the  long  procession  has  taken  its  start.  If  then 
it  eonld  thus  be  demonstrated  that  there  had  been  upon  the  globe  an 
orderly  march  of  living  forms  fipi>rn  the  lowhest  grades  in  early  time:« 
to  man  himself  to-day,  and  thus  that  in  one  department  of  her  domain, 
extending  tlmtugh  the  greater  portion  of  the  records  of  the  earth's  his- 
tory, Nature  had  not  Itecu  uniform,  but  had  followed  a  Tast  and  noble 
plan  of  evolntion,  surely  it  might  have  been  espe(it«d'  that  those  who 
discovered  and  luadn  known  this  plan  wonld  seek  to  ascertain  whether 
some  analogous  physical  progression  from  a  definite  beginning  might 
not  be  discernible  in  the  framew<)rk  of  the  globe  itaelf.  I 

But  the  early  masters  of  the  science  laboied  under  two  great  diawl-  I 
vantages.  In  the  first  place,  they  found  the  oldest  records  of  the  earth's 
history  so  broken  up  and  effaced  as  to  be  no  longer  legible.  And  in 
the  second  place.*  they  lived  under  the  spell  of  that  strong  reaction 
against  speculation  which  folKiwed  the  bitter  controversy  between  the 
Neptunist-4  and  Plutouista  in  the  earlier  decades  of  the  centiuy.  They 
considercil  themselveslnMiudto  sean^h  for  facts,  not  t<ibuild  up  theories; 
and  us  in  the  cnist  of  the  earth  they  could  find  no  facts  which  threw 
any  light  uixin  the  primeval  constitution  and  subsequent  development 
of  our  planets  they  shut  their  ears  to  any  theoretical  interpretations 
that  might  be  oflVretl  fl-om  other  departments  of  science.  It  was 
enough  for  them  to  maintjiin,  as  llutton  had  done,  that  in  the  visible 
strncture  of  the  earth  itself  no  trace  can  be  found  of  the  beginning  of 
things,  and  that  the  oldest  terrestrial  reconls  re%'ejil  no  physical  coo 
ditions  a<:sentially  diflereut  from  those  tu  which  we  still  live.  They 
doubtless  listened  with  interest  to  the  speculations  of  Kant,  Laplace, 
and  llerschel  on  the  jtrobable  evolntion  of  nebuhe,  suns,  and  planets, 
but  it  was  with  the  languid  interest  attaching  to  ideas  that  lay  outside 
of  their  own  domain  of  research.  They  rei-ognized  no  practical  con 
ne<-tion  between  such  si>e<'ulations  and  the  data  fnmished  by  the  eartl 
itself  as  to  it^  own  historj'  and  progress. 

Tliis  cnrious  letUargj-  with  respect  to  thwiry  on  the  part  of  men  who 
were  popuhtrly  n'gjinlwl  as  among  the  most  speculative  followers  of 
science  would  probably  not  have  been  six-edily  ilis)>elle4l  by  any  dis- 
covery made  within  their  own  field  of  observatitm.  Even  now.  after 
luiiiiy  j-eara  of  the  nuist  dilijivnt  n^seaif  h,  the  first  chapters  of  onr 
planet's  history  i-emaiu  undiscovere<i  or  uiideciphenible.  On  the  great 
terrestrial  palimjKsest  the  enrlicst  inscriptions  seem  to  have  been  liope- 
lee^lf  effaced  by  those  of  later  ages.    But  the  question  of  the  prim- 
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eral  condition  and  sabseqneot  Uistory  of  tlie  planet  might  be  consid- 
ered frmn  the  side  of  astronomy  and  pliyaicB.  And  it  was  by  investi- 
gations of  tUis  nature  that  the  geological  torpor  was  eventually  dissi- 
imted.  To  our  iiluntrions  former  president,  Lord  Kelvin,  who  occupied 
tbis  chair  when  the  association  last  met  in  Edinburgh,  is  mainly  due 
ihe  rousing  of  attentioo  to  this  subject.  By  the  most  cAuxineing  argu- 
ments he  showed  how  impossible  it  was  to  believe  in  the  extreme  do(;- 
trine  of  uniformitarianism.  And  though,  owing  to  uncertainty  in  re- 
iRtrd  to  some  of  the  data,  wide  limits  of  time  were  postulated  by  him, 
lie  insisted  that  within  these  limits  the  whole  evolution  of  the  earth 
and  its  inhabitants  unist  have  been  comprised.  While  therefore  the 
geological  doctrine  that  the  present  order  of  Nature  most  be  our  guide 
lo  the  interpretation  of  the  past  remained  as  true  and  fruitful  us  ever, 
it  bad  now  to  be  widened  by  the  reception  of  evidelice  furnished  by  a 
«tady  of  the  earth  as  a  planetary  body.  The  secular  loss  of  heat, 
which  demonstrably  takes  place  both  from  the  earth  and  the  sun,  made 
ir  quite  certain  that  the  present  could  not  have  been  the  original  con- 
dition of  the  system.  This  diminution  of  temperature  with  all  its  coq- 
8eqnences  is  not  a  mere  matter  of  speculation,  but  a  physit'al  fact  of 
the  present  time  as  maeli  as  any  of  the  familiar  physi<;al  agencies 
that  affect  the  surface  of  the  globe.  It  points  with  unmistakable  di- 
rectness  to  that  beginning  of  things  of  which  Hntton  and  his  tbUowers 
oinid  find  no  sigii- 

Another  modiflcjition  or  enlargement  of  the  nniformitarian  doctrine 
vas  bronght  about  by  continued  investigation  of  the  terrestrial  crust  and 
roQsequent  increase  of  knowledge  respecting  the  history  of  the  earth. 
Thnufrfa  Hutton  and  Playfair  believed  in  periodical  catastrophes,  and 
iodffd  required  these  to  recur  in  order  t»  renew  and  preserve  the  habit- 
iWemndition  of  our  planet,  their  successors  gradually  came  to  view 
rith  repugnance  any  appeal  to  abnornial,  and  especially  to  violent 
manifestations  of  terrestrial  vigor,  and  even  persuaded  themselves  that 
mrh  slow  and  comparatively  feeble  action  as  had  been  witnessed  by 
mau  conld  alone  be  recognized  in  the  evidence  from  which  geological 
history  must  be  compiled.  Well  do  I  remember  in  my  own  boyhood 
*hat  a  cardinal  article  of  faith  this  prepossession  had  become.  We 
"ere  taught  by  oar  great  and  honored  master,  Lyell,  to  believe  im- 
plicitly in  gentle  and  uniform  operations,  extended  over  indefinite 
periods  of  time,  though  possibly  some,  with  the  zeal  of  partisans,  car- 
ried this  belief  to  an  extreme  which  Lyell  himself  did  not  approve. 
The  most  stupendous  marks  of  terrestrial  disturbance,  sn(!b  as  the 
structure  of  great  mountain  chains,  were  deemed  to  be  more  satisfac- 
torily accounted  for  by  slow  movements  prolonged  through  indefinite 
ages  than  hy  any  sudden  convulsion. 

What  the  more  extreme  members  of  the  uniformitarian  school  failed 
to  perceive  was  the  absence  of  all  evidence  that  terrestrial  catastrophes 
even  on  a  coloHsal  scale  might  not  be  a  part  of  the  present  economy  of 
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tilis  globe.  Such  CMseurrences  might  never  seriously  affect  the  icbolJ 
emth  at  one  time,  and  might  return  at  such  vide  iutervals  that  no  ez: 
amide  of  tliem  has  yet  been  chronicled  by  man.  But  that  they  ha\-i 
occurred  again  and  again,  and  even  within  comparatively  recent  geologt 
cal  times,  hardly  admits  of  serious  doubt.  How  far  at  different  epochl 
and  in  various  degrees  they  may  have  included  the  operation  of  cosini- 
cal  influences  lying  wholly  outside  the  planet,  and  how  far  they  have  re- 
sulted from  movements  witliin  the  body  of  the  planet  itself,  must  remsio 
for  further  inquiry.  Yet  the  admission  that  they  have  played  a  part  in 
geological  history  may  be  treely  made  without  impairing  the  real  value 
of  the  Uuttonian  doctrine,  that  in  the  interpretatiou  of  this  history  our 
main  guide  mast  be  a  knowledge  of  the  existing  processes  of  terrestrial 
change. 

As  the  most  ret;ent  and  best  known  of  these  great  transformatious,  tb« 
Ice  Age  stands  out  conspicuously  before  us.  If  any  one  sixty  years  agu 
had  ventured  to  aC^rm  that  at  no  very  distant  date  the  sdows  and 
glaciers  of  the  Arctic  regions  stretehed  southwanls  into  Fi-aoce,  h« 
would  have  been  treated  as  a  mere  visionary  theorist.  Many  of  the 
tactM  to  which  be  would  liave  appealed  in  support  of  his  statement  wer« 
already  well  known,  but  they  had  received  various  other  interpretation:^ 
By  some  observers,  notably  by  Button's  fiiend,  Sir  James  Hall,  the> 
were  believed  to  be  due  to  violent  debacles  of  water  that  swept  over  tU* 
face  of  the  laud.  By  others  they  were  attributed  to  the  strong:  tides 
and  currents  of  the  sea  when  the  land  stood  at  a  lower  level.  The  uni 
foraiitariau  school  of  LyelMiad  no  difficulty  in  elevathig  or  depressing 
hiiitl  Ut  any  required  extent.  Indeed,  when  we  consider  how  aver^^ 
liicHC  plitlosophers  were  to  admit  any  kind  or  degi-iH!  of  natural  open- 
tioii  other  than  those  of  which  there  was  some  human  exjierieiioe,  wt 
may  well  woiiderat  the  boldness  with  which, on  sometimes  the  slender 
trtt  e\'idencc,  they  made  laud  and  sea  change  places,  on  the  one  hand 
Niibiiiergiug  mountain  ranges  and  on  the  other  placing  great  barriers  of 
land  where  a  deep  ocean  rolls.  They  took  such  liberties  with  geogra- 
(rhy  lM-cauH4-  only  well-established  prwesses  of  change  were  invoked  ir 
tlie  (>[MTation«.  Knowing  that  during  the  passage  of  an  earthquake  t 
t^rrritory  Imrdeiing  the  sea  may  be  upraised  or  sunk  a  few  feet,  the) 
ilri'W  the  KW4-<>piiig  int^rence  that  any  amount  of  upheaval  or  depressioc 
of  liny  jmrl  of  the  earth's  saifat-e  might  be  claimed  in  ex])lanutioii  ol 
((i'oloifr<-)il  jtnibh-ms.  The  progress  of  inquir>-,  while  it  has  somewhal 
cdrliilh'd  tilts  geographical  license,  has  now  made  known  in  great  detai 
till-  -tniriKc  Mtory  of  the  Ice  Age. 

There  cmi  not  be  any  doubt  that  after  man  had  become  a  denizen  o 
Hie  eiii'th.  a  K^eat  physical  change  came  over  the  Xortheru  hemisphei-e 
Tlie  lOlniiilc.  which  hiul  previously  l»een  so  mild  that  evergreen  tree: 
IhilliiHiKMl  wllliin  ten  or  twelve  degreesof  the  north  {»ole.  now  became  h« 
wve'"-  ""**  "■>'*t  Hhe<;ts  of  snow  and  ice  covered  the  north  of  EuroiK*  am 
^j^.  (  beyoud  the  south  coa«it  of  Irelaud,  almost  as  faraathi 
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soathern  shores  of  Englaud,  aud  across  the  Baltic  into  PVaoce  and  Uer- 
many.  This  Arctic  traDsfomtation  was  uot  aD  episode  that  lasted  merely 
11  few  seaMiis,  and  left  the  laud  to  resume  thereafter  its  anrient  nsi>ert. 
Willi  vat-ions  successive  fluctuations  it  must  have  eudiu-ed  for  many 
tbousaiids  of  years.  When  it  Iwgau  to  disnpiwar  it  probably  faded 
anay  us  8lowly  and  imjwrceptibly  as  it  had  advanced,  and  when  it 
dually  vanished  it  left  Europe  and  North  America  profoundly  changed 
in  the  character  alike  of  their  scenery  and  of  their  inhabitants.  Tbe 
nigged  rocky  contours  of  earlier  times  were  ground  smooth  and  |)oI- 
isbed  by  the  march  of  the  ice  across  them,  while  the  lower  grounds  were 
buried  under  wide  and  thick  sheets  of  clay,  gravel,  and  sand,  left  be- 
UuiL  by  the  melting  ice.  The  varied  and  abundant  flora  which  bad 
spread  so  far  within  the  Arctic  cinile  was  driven  away  into  more 
wuthern  and  lesn  ungeuial  climes.  But  most  memorable  of  all  was 
the  extirpation  of  the  pnnniuent  large  animals  which,  before  the  ad 
vent  of  tlie  i<-e,  bad  roamed  over  Kun>pe.  Tlie  lions,  hyenas,  wild 
horses,  hippopotamuses,  and  other  creatures  either  became  entirely  ex- 
lioct  or  were  driven  into  the  Mediterranean  basin  and  into  Africa.  In 
their  place  came  northern  torms — the  reindeer,  glutton,  musk  ox,  woolly 
liiinocero-s,  and  mammoth. 

Such  a  marvellous  transformation  in  climate,  in  scenery,  in  vegetation 
aodin  inhabitants,  within  what  was  after  all  but  a  brief  ixirtiou  of  geo- 
logicHl  time,  though  it  miiy  have  involved  no  sudden  or  violent  couvub 
»ioD,  is  surely  entitled  to  rank  an  a  catastrophe  in  the  history  of  the 
globe.  Jt  was  probably  brought  about  mainly  if  uot  entirely  by  the 
operation  of  forces  external  to  the  earth.  No  similar  cahimity'haviug 
befallen  tbe  continents  within  the  time  during  which  man  bus  l>een 
Rcwfling  bis  experience,  the  Ice  Age  might  be  cited  as  a  contradiction 
to  the  doctrine  of  uniformity.  And  yet  it  manifestly  arrived  as  part  of 
■br  established  order  of  Nature.  Whether  or  not  we  grant  that  other 
m  ages  preceded  tbe  last  great  one,  we  must  a^lmit  that  the  conditions 
noder  wliit-h  it  arose,  ho  far  as  we  know  them,  might  conceivably  have 
occarred  before  and  may  occur  agiiiu.  The  various  agencies  ciilled 
into  play  by  the  extensive  refrigenitioti  of  the  northern  hemisphere 
«<^re  not  different  from  those  with  whieli  we  are  familiar.  Know  fell 
wkI  glaciers  crept  as  they  ilo  t<»-day.  ice  scored  and  jxilislieil  roc-ks 
exactly  as  it  still  does  among  the  Alps  and  in  Norway.  There  was 
nothing  abnormal  hi  the  phenomena,  save  the  scale  on  which  they 
were  manifesto).  And  thus,  taking  n  broad  view  of  tbe  whole  subject, 
WB  recognize  (be  ciitastrophe,  while  at  the  same  time  we  see  hi  its  pn>g- 
leas  the  o{ieration  of  those  siune  natural  proce^i-ses  which  wo  know  to 
he  integral  parts  of  the  machinery  whereby  the  surfiwe  of  ilie  earth  is 
<-untinually  transformed. 

Among  the  debts  which  science  owes  to  (ho  Hnttonian  school,  not 
the  least  luemorable  is  the  pmmnlgation  of  the  first  well-founded  eou- 
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c«ptions  of  tlie  high  antiquity  of  the  globe.  Some  six  tbonaanil  years 
had  previously  been  believed  to  comprise  the  whole  life  of  the  plauet, 
and  iDdeed  of  the  entire  universe.  When  the  curtain  was  then  first 
raised  tliat  had  veiled  the  history  of  the  earth,  and  men,  looking  beyond 
the  brief  span  within  which  they  had  supposed  that  history  to  bav^ 
been  transacrted,  beheld  the  records  of  a  long  vista  of  ages  stretching 
far  away  into  a  dim  illimitable  past,  the  prospect  vividly  impreaaed 
their  imagination.  A.stronomy  had  made  known  the  immeasurable 
fields  of  space;  the  new  science  of  geology  seemed  now  to  reveal  bonnd- 
teHsdiKtiinces  of  time.  The  more  the  terrestrial  chronicles  were  studied 
the  ferther  could  the  eye  range  into  an  antiquity  so  vast  as  to  defy  alJ 
attempts  to  measure  or  define  it.  The  progress  of  research  contiiiually 
furnisiied  additional  evidence  of  the  enormous  duration  of  the  ages 
that  preceded  the  coming  of  man,  while,  as  knowledge  increased,  periods 
that  wei'e  thought  to  have  followed  each  other  consecutively  were  found 
to  have  been  separated  by  prolonged  intervals  of  time.  Thus  the  idea 
arose  and  gained  nniversal  acceptance  that,  just  as  no  boundary  could  be 
set  to  the  astronomer  in  his  free  range  through  spa(;e,  so  the  whole  of  by- 
gone eternity  lay  open  to  the  requirements  of  the  geologist.  Playfeir, 
re-echoing  and  expanding  Hutton^s  language,  had  (leclared  that  neither 
among  the  records  of  the  earth,  nor  in  the  planetary  motions,  can  any 
trace  be  discovered  of  the  beginning  or  of  the  end  of  the  present  order 
of  things;  that  no  symptom  of  infancy  or  f)f  old  age  has  been  allowed 
to  appear  on  tlie  face  of  nature,  nor  any  sign  by  which  either  the  past 
or  tlie  future  duration  of  the  universe  can  l>e  estimated;  and  that 
although  the  Creator  may  put  an  end,  as  he  no  doubt  gave  a  begin- 
ning, to  the  present  system,  such  a  catastrophe  will  not  be  brought 
about  by  any  of  the  laws  now  existing,  and  is  not  indicated  by  anything 
which  we  perceive.  This  doctrine  waa  naturally  espoused  with  warmth 
by  the  extreme  nniformitarian  school,  which  required  an  unlinut<yl 
dnratioit  of  time  for  the  nccomplishment  of  such  slow  and  quiet  cycle* 
of  change  as  they  conceived  to  be  alone  recognizable  in  the  records  of 
the  earth's  past  liistory. 

It  was  Lord  Kelvin,  who,  in  the  writings  to  which  I  have  alrea<ly 
referred,  first  called  attention  to  the  fundamentally  erroneous  nature 
of  these  conceptions.  He  ])ointed  out  that  from  the  high  internal  tem- 
perature of  our  globe,  increasing  inwards  as  it  does,  and  from  the  rat« 
of  loss  of  its  heat,  a  limit  may  be  fixed  to  the  planet's  antiquity.  He 
showed  that  so  far  fmm  there  being  no  sign  of  a  beginning,  and  no 
prospect  of  an  end,  to  the  present  economy,  every  lineament  of  the 
solar  system  bears  witness  to  a  gradual  dissipation  of  energy  from  some 
definite  starting  point.  No  very  precise  data  were  then,  or  indeeil  are 
now,  available  for  computing  the  interval  which  has  elai>sed  since  that 
remote  commencement,  hut  he  estimated  that  the  surface  of  the  globe 
could  not  have  consolidated  less  than  twenty  millions  of  years  ago,  for 
tbe  rate  of  increase  of  temperature  inwards  would  in  that  case  have 
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b^eD  bigber  than  it  actually  is ;  nor  more  tbau  foar  liundred  iiiillions  of 
jeirtt  ago,  for  theit  thvre  would  liave  been  no  sensible  increase  at  all.  Ho 
nils  iuclined,  when  first  detiling  with  the  subject,  to  believe  that  from 
a  review  of  all  the  evidence  thea  available,  some  such  period  as  one 
baodred  millions  of  years  would  embrace  tbe  whole  geological  history 
of  tbe  globe. 

Itisnot  a  pleasant  experience  to  discover  that  a  fortune  which  one 
bs  nncoDcemedly  believed  to  be  ample  has  somehow  taken  to  itself 
liDgs  and  disappeared.  When  the  geologist  was  suddenly  awakened 
by  the  energetic  warning  of  the  physicist,  who  assured  bim  that  he  bad 
FDonDOUsly  overdrawn  his  account  with  past  time,  it  was  but  natural 
lUKJec  the  circumstances  that  he  should  tbiuk  tbe  aecouiitaut  to  be  mis- 
uim,  who  thus  retnme«l  to  him  dishonored  the  large  diafts  he  bad 
side  on  eternity.  He  saw  how  wide  were  the  limits  of  time  deducible 
Anii  physical  considerations,  how  vague  the  data  from  which  they  had 
b«u  cahmlated.  And  tliough  he  could  not  help  admitting  that  a  limit 
uiDNt  he  fixed  beyond  which  bis  chronology  could  not  be  exteuded,  be 
(unsoled  himself  with  the  reflection  that  after  all  a  hundred  millions  of 
yeare  was  a  tolerably  ample  period  of  time,  and  might  XH)ssibly  have 
been  qnite  sufficient  for  tbe  transaction  of  all  the  prolonged  sequence 
ofevents  recorded  in  the  crust  of  the  earth.  He  was  therefore  dis- 
posed to  acquiesce  in  the  limitation  thus  imposed  upon  geological  his- 
tory. 

Bat  physical  Inquiry  continued  to  be  pushed  forward  with  regard  to 
ihe  ewly  history  and  antiquity  of  the  earth.  Further  .consideration  of 
lb*  tntluence  of  tidal  friction  iu  retarding  the  earth's  rotation,  and  of 
il«  ihd's  rate  of  cooling,  led  to  sweeping  reductions  of  the  time  allow- 
able br  the  evolution  of  the  planet.  The  geologist  limnd  himself  in 
U>«  plight  of  Lear  when  his  bodyguard  of  ]00  knights  was  cut  down. 
-  What  need  yon  five-and-twenty,  ten  or  fivef"  demands  the  iocx- 
«riUe  physicist,  as  he  remorselessly  strikes  slice  after  slice  from  bis 
iJlotante  of  geological  time.  Lord  Kelvin  is  willing,  I  believe,  to  grant 
us  riJime  twenty  millions  of  years,  but  Professor  Tait  would  have  us 
Mieut  with  less  than  ten  millions. 

In  Bcientitic  as  in  other  mundane  questions  there  ntay  often  be  two 
'xlM.and  the  truth  may  ultimately  be  found  not  to  lie  wholly  with 
Mlira.  I  frankly  confess  that  the  demands  of  the  early  geologists  for 
»  anlimited  series  of  ages  were  extravagant,  and  eveu,  for  their  own 
parpoHes,  uimecessary,  and  that  tbe  physicist  did  good  service  in  le- 
■indng  them.  It  may  also  be  freely  admitted  that  tbe  latest  (tonclu- 
'wns  from  physical  considerations  of  the  extent  of  geological  time  re- 
^lire  that  the  iutcrpretat.ion  given  to  the  record  of  tbe  rocks  should 
*fc  rigorously  revised,  with  the  view  of  ascertaining  bow  far  that  iut^ir- 
^relation  may  be  capable  of  modification  or  amendment.  But  we  must 
ilso  remember  that  tbe  geohtgical  record  constitutes  a  voluminous  body 
<^  evidence  regarding  the  eai-th's  history  which  can  not  be  ignored,  aud 
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must  be  explainetl  in  iiccMird^itice  with  ascertained  natural  laws.  If  tbc 
voncluaionddorived  from  the  most  careful  stndy  of  this  record  can  not 
be  recoueilwl  with  those  drawn  IVom  physical  considerations,  it  is  «iu«ly 
not  too  much  tu  ask  thiit  the  latt^^r  should  be  also  revised.  It  has  been 
well  said  that  the  mathematical  mill  is  an  admirable  piece  of  machinery, 
but  that  the  value  of  what  it  yields  depends  uiwa  the  quality  of  wbat 
13  put  into  it.  TImt  there  must  be  some  flaw  in  the  physical  ar{;u[iietit 
I  can,  fur  my  own  i>int,  hardly  doubt,  though  I  do  not  preteud  to  be 
able  to  say  where  it  is  to  be  found.  Home  asKumption,  it  seems  to  me, 
has  been  made,  or  some  consideration  has  been  lett  out  of  sight,  whicli 
will  eventually  be  seen  to  vitiate  the  conclusions,  and  which  when  duly 
ttiken  into  uetM^nnt  will  allow  time  enough  for  any  reasonable  interpre-  i 
tation  of  the  geological  record.  I 

In  problems  of  this  nature,  where  geological  data  capable  of  no-    I 
inerical  statement  ai-e  so  needful,  it  is  hardly  jMissible  to  obtain  tru^ 
worthy  computations  of  time.     We  can  only  measure  the  rate  of  changes 
in  pi-ogress  now,  and  infer  from  these  changeH  the  length  of  time  r» 
quired  for  the  completion  of  results  a^-hieved  by  the  same  processes  in    ' 
the  past.    There  is  fortunately  one  great  cycle  of  movement  which  ad- 
mita  of  careful  investigation,  and  which  lias  been  made  to  furnish  val- 
uable materials  foi'  estimates  of  this  kind.    The  universal  degradation 
of  the  land,  so  notable  a  characteristic  of  the  earth's  surface,  has  been    i 
regarded  as  an  extremely  slow  process.    Though  it  goe.s  on  witlioiil    I 
ceasing,  yet  (i-oni  century  to  century  it  .seems  to  lejive  hardly  any  per- 
ceptible trace  on  the  lands<.'ai>es  of  a  country.     Mouutaina  and  )>hiiBS, 
hills  and  valleys  appear  to  wear  the  same  familiar  aspect  which  is 
indicated  in  the  oldest  pages  of  history.    This  obvious  slowness  in  one 
of  the  most  imjiortant  departn>ents  of  gmlogical  activity  doubtless 
contributed  in  large  measure  to  form  and  foster  a  vague  belief  in  tbe 
vastiiess  of  the  antiquity  reijuinHl  for  the  evolution  of  the  earth. 

But,  as  geologists  eventually  came  to  perceive,  the  rate  of  degrada- 
tion of  the  land  is  capable  of  actual  measurement.  The  amount  of 
materia)  worn  away  from  the  surface  of  any  drainage  basin  and  carried 
in  the  form  of  mud,  sand,  or  gravel,  by  the  main  river  into  the  se& 
represents  the  extent  to  which  that  surface  baa  been  lowered  by  waste 
in  any  given  period  of  time.  But  denudation  and  deposition  must  be 
equivalent  to  each  other.  As  much  material  must  be  laid  down  in  Hed- 
imentary  accumulations  as  has  been  mechanically  removed,  so  that  in 
measuring  the  annual  bulk  of  sediment  borne  into  the  sea  by  a  river, 
we  obtain  a  clue  not  only  to  the  rati^  of  denudation  of  the  land,  but  also 
to  the  rateat  which  the  deiiosttion  of  new  sedimentary  formations  takes 
place. 

As  might  be  expected,  the  activities  involved  in  the  lowering  of  the 
surface  of  the  land  are  not  everywhere  equally  energetic.  They  are 
naturally  more  vigorous  where  the  rainfall  is  heavy,  where  the  daily 
range  of  temperature  is  large,  and  where  fio.sts  are  severe.    Hence  they 
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re  obviously  niiicb  more  e  floe  tive  in  iiioutitaiiiuiis  ivtriiniB  tliiiii  on  plains; 
D(]  tlieir  results  uiiiHt  cuiistiiiitly  vary,  not  only  in  dilfeient  basiim 
f  (ImiDage,  bnt  oven,  and  soiiictiincs  widely,  within  the  Knine  basin, 
rluiil  u»?a»urenient  of  the  proiMtrtion  of  wHlinieut  in  river  water 
lion's  that  while  in  800i<;  easeti  the  lowering  of  the  mirfacc  of  the  land 
a^  be  as  much  as  ^ju  of  a  foot  in  a  year,  in  others  it  falls  as  low 
*,}^„.  In  other  words,  the  rate  of  dei>osition  of  new  sedimentary 
inDulions,  over  an  aiva  of  uea  tl(H»r  equivalent  to  that  which  has 
iflded  the  sediment,  may  vary  from  one  foot  in  seven  bnndred  ant' 
kiny  years  to  one  font  in  six  thousand  eight  hnndretl  years. 
](mw  we  take  theseresnltsaudapply  themasmeaHnresof  thelengti. 
if  time  reqnired  for  the  deiMtsition  of  the  various  sedimentary  masses 
kt  I'lirm  the  outer  part  of  the  earth's  imist',  we  obtain  some  indication 
ifttie  iluration  of  geologii-al  history.  On  a  reasonable  eompntation 
Hfse  stratified  masxes,  where  most  fully  developetl,  attain  a  united 
tirtDeiw  of  not  less  than  100,000  feet.  If  they  were  all  laid  down  at 
fc  most  rapid  reeorded  rate  of  denndation,  they  would  .■eqnire  a 
•rind  of  s*^venty-tbree  millions  of  years  for  tlieir  eom]>letiou.  If  they 
>Fre  laid  down  at  the  slowest  rate  they  would  demand  a  period  of  not 
iKfthan  six  liuuOred  and  eighty  millions. 

Bnt  it  may  be  argued  that  all  kinds  of  terrestrial  energy  are  grow- 
ls feeble,  that  the  most  active  denudation  now  in  progn-ss  is  much 
les-.  vigorous  than  that  of  bygone  ages,  and  henco  tliat  the  stratitied 
W  of  the  earth's  cnist  may  have  been  put  together  in  »  much  briefer 
<!«<'?  of  time  than  modem  events  might  lead  us  to  suppose.     Such 
>n:amtitt8  are  easily  adduced  and  look  sufljeiently  specious,  but  no 
tiiiiBraatinn  of  them  cim  be  gathered  from  therocks.    On  the  contrary, 
""'mewiii  thoughtfully  study  the  various  systems  of  stratified  forma- 
"Misnthont  being  impressed  by  the  fullness  of  their  evidence  that,  on 
tk  Khtile,  the   accumulation  of  sediment  has  been  extremely  slow, 
^Noaod  again  weencountergroupsof  strata  composed  of  thin  ]>ai>er- 
SleUminje  of  the  finest  ailt,  which  evidently  settled  down  quietly  and 
*  interralB  on  the  sea  bottom.    We  find  successive  layers  covered 
^  ripple-mai'ks  and  sun-craeks,  and  we  recognize  in  them  memorials 
J'ncietit  shores  where  sand  and  mud  ti-anquilly  gathered  as  they  do 
Altered  estuaries  at  the  present  day.     Wo  can  see  no  proof  what- 
■nor  even  any  evidence  which  suggests — that  on  the  whole  the  rate 
''nAte  and  sedimentation  was  more  rapid  dnring  Mesozoic  and  Pala^- 
'it liine  than  it  is  today.     Had  there  been  any  marked  diftferenre  in 
nite  from  ancient  to  modern  times,  it  would  be  incredible  that  no 
"proof  of  it  should  have  been  recorded  in  the  crust  of  the  earth. 
'Win  actual  fact  the  testimony  in  favor  of  the  slow  accumulation 
high  antiqnity  of  the  geological  record  is  much  stronger  than  miglit 
inferred  from  the  mere  thickness  of  the  stratified  formations.     These 
iinentary  depositshave  not  been  laid  down  in  one  unbroken  sequence, 
I  have  had  their  coDtluuity  interrupted  again  and  again  by  uphea^i 
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and  depression.  Su  fragmentary  are  they  in  some  regtoDB  that  we  can 
easily  demonstrate  the  length  of  time  represented  there  by  still  exist- 
ing sedimentary  strata  to  be  vastly  less  than  the  time  indicated  by  the 
gaps  iu  the  aeries. 

There  is  yet  a  further  and  impressive  bwly  <if  evidence  furnished  by 
the  Bueeessive  rtn^vn  of  plants  and  animals  which  have  lived  upon  the 
earth  and  have  left  their  remains  sealed  up  witliin  its  rocky  ornst.  Ko 
one  now  believes  iu  the  exploded  doctrine  that  successive  ereationaaud 
universal  destructions  of  oiganic  life  are  chronicled  in  the  stratified 
rocks.  It  is  everywhere  admitted  that,  from  the  i-emotest  times  up  t« 
the  present  day,  there  has  been  au  onward  march  of  development,  type 
succeeding  tyiw  in  one  long  continuous  progression.  As  to  the  rate  of 
this  evolution  precise  data  are  wanting.  There  is  however  the  im- 
portant negative  argument  furnished  by  the  absence  of  evidence  of 
recognizable  specific  variations  of  organic  forms  since  man  began  to 
observe  and  record.  We  know  that  within  human  experience  a  few 
species  have  become  extinct,  but  there  is  no  conclusive  proof  that  a 
single  new  si>ecies  have  come  into  existence,  nor  are  appreciable 
variations  readily  apparent  iu  forms  that  live  in  a  wild  state.  The 
seeds  and  plants  found  with  Eg>'ptian  mummies,  and  the  flowers  and 
fruits  depicted  on  Egyptian  tombs,  are  easily  identified  with  the  vege- 
tation of  modem  Eg}i>t.  The  embalmed  bodies  of  animals  found  in 
that  country  show  no  sensible  divergence  from  the  structure  or  propor- 
tions of  the  same  animals  at  the  present  day.  The  human  races  ol 
Northern  Aftica  and  Western  Aiiia  were  already  as  distinct  when  \Mr 
traye<l  by  the  ancient  Egyptian  artists  as  they  are  now,  and  they  do 
not  seem  to  have  undergone  any  pen-eptible  change  since  then.  Thns 
a  hips«.'  of  four  or  five  thousand  years  has  not  been  acconijianied  by  any 
recognizable  variation  in  such  forms  of  plant  and  animal  life  as  can  be 
tendered  in  evidence.  Absence  of  sensible  change  iu  these  instances 
is,  of  course,  no  i)roof  that  considerable  alteration  may  not  have  been 
accomplished  in  other  forms  more  exposed  to  vicissitudes  of  climate 
and  other  external  influences.  But  it  furnishes  at  least  a  presumptiou 
in  favor  of  the  extrenieiy  tardy  progress  of  organic  variation. 

If  however  we  extend  our  vision  beyond  the  narrow  range  of  human 
history,  and  look  at  tlie  remains  of  the  x>lants  and  animals  i)ruserved  in 
tho.se  younger  formations  which,  though  recent  when  regarded  as  part-'* 
of  the  whole  geological  record,  must  be  many  thousands  of  years  older 
than  the  very  oldest  of  human  monuments,  we  euconnter  the  most  iiu 
pi-cssivc  proofs  of  the  |>ersistence  of  8i>ecific  forms.  Shells  which  lived 
iu  our  seas  before  the  coming  of  the  Ice  age  present  the  very  same 
l»ecu liar i tics  of  form,  stnicture,  and  ornament  which  their  descendant--' 
still  possess.  The  lapse  of  so  enormous  an  interval  of  time  has  not 
sufllctHl  seriously  to  modify  thi'm.  So  too  with  the  plants  and  the 
higher  animals  which  still  survive.  Some  forms  have  become  extinct, 
but  lew  or  none  which  wmain  display  any  transitioual  |pradationfl  into 
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new  8|)ecies.  We  must  ndmit  that  sach  trausitiuus  liave  occurred,  that 
ia<leed  tb«y  linve  btteii  in  progreR.-*  ever  since  or^ni zed  exiHteoce  began 
apou  our  ]>l»iiet,  and  are  doubtless  taking  pla<«  nov.  Bat  we  can  not 
detect  tiiem  on  the  way,  and  ive  feel  constrained  to  believe  that  their 
marvli  lunut  be  excessively  slow. 

There  ii^  no  reiwon  to  think  that  the  rate  of  organic  evolution  has 
ev«r  aeriouftly  varied;  at  least  ito  proof  has  beeu  adduced  of  such  va- 
riation. Taken  in  connection  with  the  testimony  of  the  sedimentary 
rocks,  the  inferences  rtedncible  fVoin  fossils  entirely  bear  out  the  opinion 
that  the  building  up  of  the  stratified  cruKt  of  the  earth  has  been  ex- 
tremely gradual.  If  the  many  thonsands  of  years  which  have  elapsed 
aiiH<e  the  Ice  age  have  produced  no  appre<;ia)>le  mwllflcation  of  sur- 
viviog  plants  and  animals,  how  vast  a  periml  must  have  been  required 
to  that  marvellous  scheme  of  organic  development  which  is  chronicled 
JD  the  rocks ! 

After  carefnl  reflection  on  the  subject,  1  affirm  that  the  geological 
mord  famishes  a  mass  of  evidence  which  no  arguments  drawn  from 
other  departments  of  nature  can  explain  away,  and  which,  it  seems  to 
me, can  not  be  satisfoctorily  interpreted  save  with  an  allowance  of  time 
mnch  beyond  the  narrow  limits  which  recent  physical  siieculation  would 
TODcede. 

I  have  reserved  for  final  consideration  a  branch  of  the  history  of  the 
earth  which,  while  it  has  become,  within  the  lifetime  of  the  present 
Reiteration,  one  of  the  most  interesting  and  fascinating  departments  of 
geological  inquury,  owed  its  first  impulse  to  the  far-seeing  intellects  of 
UnUon  and  Playfoir.  With  the  iienetration  of  genius  these  illustrious 
iwiers  perceived  that  if  the  broad  masses  of  land  and  the  great 
chiina  of  mountains  owe  their  origin  to  stupendous  movements  which 
from  time  to  time  have  convulsed  the  earth,  their  details  of  contour 
mmt  be  mainly  due  to  the  eroding  power  of  running  water.  They 
rtfognized  that  »s  the  surface  of  the  land  is  continually  worn  down,  it 
is  essentially  by  a  process  of  sculpture  tliat  the  physiognomy  of  every 
tonntry  has  been  developed,  valleys  being  hollowed  out  and  hills  left 
itaoding,  and  that  these  inequalities  in  topographical  detail  are  only 
varying  and  local  accidents  in  the  progress  of  the  one  great  process  of 
tbe  d^redatioo  of  the  land. 

From  the  broad  and  guiding  outlines  of  theory  thus  sketched  we 
have  now  advancnl  amid  ever-widening  multiplicity  of  detail  into  a 
fuller  and  nobler  conception  of  the  origin  of  scenery.  Tlie  law  of  evo- 
iation  is  written  as  legibly  on  tbe  landscapes  of  the  earth  as  on  any 
other  page  of  the  book  of  nature.  Not  ouly  do  we  recognize  that  tbe 
eiiitting  topography  of  the  continents,  instead  of  being  primeval  in 
origin,  has  gradually  been  developed  after  many  prettedent  mutations, 
but  we  are  enabled  to  trace  these  earlier  revolutions  in  the  structure 
of  every  hill  and  glen.  Each  mountain  chain  is  thus  found  to  be  a 
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memorial  of  many  sticcesaive  stagea  in  geographical  evuIotioD.  Within 
<:«rtaiii  liuiibt  land  and  sea  bave  changed  places  again  and  agaio. 
Volcanoes  liave  broken  out  and  bave  become  extinct  in  many  countries 
long  before  the  advent  of  man.  Whole  tribes  of  plants  and  animals 
have  meanwhile  roiiie  and  gone,  and  in  leaving  their  remains  behind  them 
as  monameots  at  once  of  the  slow  developmeut  of  organic  tyi>es,  and 
of  the  prolonge«l  viciUHitudes  of  the  terrestrial  surface,  have  fumislied 
materia])*  for  a  chronological  arrangement  of  the  earth's  topographical 
featureH.  Nor  is  it  only  from  the  organisms  of  former  epochs  tliat 
broad  general izations  may  be  drawn  regarding  revolntiontt  in  geog 
raphy.  The  living  plants  and  animals  of  to-day  have  been  discovered 
to  be  eloquent  of  ancient  geographical  features  that  have  long  'siDcr 
Tanisbed.  In  tbeir  distribution  they  tell  us  that  climateshave  changed; 
that  iitlimrlH  have  boon  disjoined  from  continents;  that  oceans  once 
iiniti^d  have  been  divided  from  e<ieb  other,  or  once  separate  bave  uov 
been  Joined ;  that  some  tracts  of  land  have  disappeared,  while  otben 
for  prolonged  periods  of  time  have  remained  in  isolation.  The  pres- 
ent and  the  past  are  thus  linked  together,  not  merely  by  dead  matter, 
bat  by  the  world  of  living  things,  mto  one  vant  system  of  coDtiunoux 
progression.  j 

In  this  marvellouM  increase  of  knowledge  regarding  the  transforma-  I 
tlons  of  the  oarth'w  Nurfa<'e,  one  tif  the  most  impiesaive  features,  to  my 
mind,  in  the  powtT  now  given  to  us  of  perceiving  the  many  strikiug 
(<4)ntraHts  betwwu  the  present  and  former  aspects  of  topography  and 
scenery.  We  seeui  ta  Iw  endowed  with  a  new  sense.  What  is  Been  by 
the  bodily  eye — moantain,  valley,  or  plain — serves  bnt  as  a  veil,  beyoiid 
which,  ns  we  raise  it,  visions  of  long-lost  lauds  and  seas  rise  before  ns 
in  a  fai-retreuting  vista.  Pictuivs  of  the  moat  diverse  and  opposite 
<!hara<-ter  are  beheld,  as  it  were,  through  each  other,  their  lineameutM 
subtly  interwoven,  and  even  their  most  vivid  contrasts  sabduedinto 
one  blended  harmony.  Like  the  poet,  "we  see,  but  not  by  sightalone;" 
and  the  ''ray  of  fancy''  which,  as  a  sunbeam,  lightened  up  hie  laud 
seapi',  iit  for  us  broadened  and  brightened  by  that  play  of  the  imagio»- 
tlon  which  science  Ci»n  so  vividly  excite  and  prolong. 

Admirable  illustnitious  of  this  mmleru  interpretation  of  scenery  v« 
sup)ili<.*d  by  the  district  wherein  we  are  now  assembled.  On  every  side 
of  us  rise  the  most  couvinoing  proofs  of  the  reality  and  potency  of  tliai 
(•east'Iess  sculpture  by  which  the  elements  of  landscape  have  been  carved 
Into  thdr  prosent  sliape;^.  Turn  where  we  may,  onr  eyes  rest  on  hi'I* 
tliiil  pii\|i'('t  alH>\'e  the  lowland,  not  because  they  have  been  upheaved 
into  t\\k*w  )H)sitionS)  but  because  their  stubborn  materials  have  enabled 
Miein  better  to  witlistantl  the  degradation  which  has  worn  down  the 
Holter  Hirala  intit  the  plains  anntud  them.  Inch  by  inch  the  snr&ce  oi 
the  liintl  hiwt  IkH'n  lowered,  and  each  hanl  r^H-k  successively  laid  bare  liw 
eoinmunicate<l  itsowu  ehimtetcristies  of  (orniand  color  to  the sceuetj'- 
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If,  standing  ou  the  GHBtie  Kock,  the  ceotral  aud  oldest  site  in  Edin- 
bnrgh,  wc  allow  the  bodily  eye  to  waader  over  the  fair  landscape,  and 
the  mental  vision  to  ranj^e  tliroagh  the  long  vista  of  earlier  landscapes 
which  science  here  reveals  to  us,  what  a  strange  series  of  pictures  passes 
before  oar  gaze!  The  busy  streets  of  to-day  seem  to  fadeaway  into  the 
mingled  copaewood  aud  forest  of  prehistoric  time.  Lakes  that  have  long 
since  vanishetl  gleam  through  the  woodlands,  and  n  rude  canoe  push  ing 
from  the  shore  startles  the  red  deer  that  had  come  to  drink.  While  we 
look,  the  picture  changes  to  a  polar  scene,  with  bushes  of  stunted  Arctic 
irillow  and  bircb,  among  which  herds  of  reindeer  browse  aud  the  huge 
mamtuoth  makes  his  home.  Thick  sheets  of  snow  are  drat)ed  all  over  the 
hjlla  aroand,  and  far  to  the  northwest  the  distant  gleam  of  glaciers  and 
imowfields  marks  the  line  of  the  Highland  mountains.  As  we  muse  on 
this  strange  contrast  to  the  living  world  of  today  the  sceue  appears  to 
grow  more  Arctic  in  aspect,  until  every  hill  i.s  buried  under  one  vast 
sheet  of  ice,  2,000  feet  or  more  in  thickness,  which  fills  up  the  whole 
midland  valley  of  Scotland  and  creeps  slowly  eastward  into  the  basin  of 
the  North  Sea.  Here  the  curtain  drops  upon  our  moving  pageant,  for 
in  the  geological  recortl  of  this  part  of  the  country  an  enormous  gap 
occurs  before  the  coming  of  the  Ice  Age. 

When  once  more  the  spectacle  resumes  its  movement  the  scene  is 
foaud  to  have  utterly  changed.  The  familiar  hills  and  valleys  of  the 
Lotbians  have  disivpiieared.  Dense  jungles  of  a  strange  vegetation — 
ta]|reeds,(-inb  mosses, and  tree- ferns — spread  over  the  streaming  swamps 
that  Rtrettb  for  leagues  in  all  directions.  Broad  lagoons  and  open  Mens 
are  dotted  with  little  volcanic  cooes  which  throw  out  their  streams  of 
lavaaiid  showers  of  ashes.  Beyond  theso,  in  dimnici' outline  and  older  in 
iLue,  we  descry  a  wide  lake  or  inland  sea,  coveiing  the  whole  midland 
ralley  aud  marked  witli  long  Hnesof  active  volcanoes,  some  of  them  sov- 
aal  thousand  feet  in  height.  And  still  furtherand  fainter  over  the  same 
region,  we  may  cat^di  a  glimpse  of  that  still  o:irlier  expanse  of  sea  which 
in  Silurian  times  overspread  most  of  Britian.  But  beyond  this  sceue  our 
vision  fails.  We  have  reached  the  limit  across  which  no  geological 
evidence  exists  U>  le^  the  imagination  into  the  primeval  darkoess 
beyond. 

Such  in  brielest  outline  is  the  succession  of  mental  pictures  which 
modem  science  enables  us  to  fiame  out  of  the  landsca{)es  arouud  Edin- 
linrgb.  They  may  be  taken  as  illustrations  of  what  may  be  drawn,  and 
sometimes  with  eveu  greater  fulness  and  vividness,  from  any  district  in 
these  islands.  But  1  cite  them esiiecially  because  of  ttieir  local  interest 
in  connection  with  the  present  meeting  of  the  Association,  and  because 
the  rock»  that  yield  them  gave  inspiration  to  those  great  masters  whose 
clwms  on  our  recollection,  not  Iciist  for  their  explanation  of  tbe  origin 
of  scenery,  I  have  trietl  to  recount  this  evening. 
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GEOLOGICAL  HI8T0EY  OF  THE  TELLOWSTONE 

NATIONAL  PARK.* 


By  Aenold  Hague, 

V.  S.  Gfological  Surr^. 

In  the  short  time  allotted  to  me  I  can  only  hope  to  present  a  brief 
sketch  of  the  main  geological  features  of  the  country  which  you  are 
iibout  to  visit.  My  remarks  must,  of  necessity,  be  more  or  less  incom- 
plete, as  ray  desire  is  not  so  much  to  elucidate  any  spe^-ial  pi-oblem 
connected  with  the  many  interesting  geological  questions  to  he  found 
here,  hnt  rather  to  o&ier  such  a  general  view  of  the  region  as  will 
enable  yon,  during  your  five  days'  trip  through  the  Park,  to  understand 
clearly  something  of  its  physical  geography  and  geology. 

The  Yellowstone  Park  is  situateil  iu  the  extreme  northwestern  por- 
tion of  the  Territory  of  Wyoming.  Its  boundaries,  as  determined  by 
tbe  original  act  of  Congress  setting  apart  the  Park,  are  very  ill- 
defined.  At  the  time  of  the  enactment  of  the  law  establishing  this 
national  reservation,  the  region  had  been  but  little  explored,  and  its 
tdation  to  the  physical  features  of  the  adjacent  country  was  but  little 
iiDder8too<l.  Since  that  time,  surveys  have  shown  that  only  a  narrow 
"trip,  about  2  miles  in  width,  was  situated  iu  the  Territory  of  Mou- 
lana,  but  it  was  also  found  that  a  still  uairower  strip  extended  west- 
ward into  the  Territory  of  Idaho.  The  question  of  properly  establish- 
ing tbe  boDiidarie»,  based  upon  oiu*  present  knowledge  of  the  country, 
is  now  before  Congi-ess,  and  an  act  has  already  passed  tbe  Senate,  pro- 
|)08ing  to  make  the  northern  boundary  coincide  with  the  boundary 
lietweeu  Wyoming  and  Montana,  and  the  western  boundary  coincide 
with  the  Wyoming  and  Idaho  line.  Tlie  act  under  consideration 
extends  the  southern  boundary  of  the  Park  to  the  44th  pm-allel  tif  lati- 
liute,  carrying  the  area  of  the  i-eserviition  southward  0^  miles.  The 
••KStem  boundary  is  made  to  coincide  with  the  meridian  of  109°  SC, 
adding  a  strip  of  country  about  24J  miles  in  width  along  the  entire 
eastern  side  of  the  Park. 

The  area  of  the  Park,  as  at  present  defined,  is  somewhat  more  than 
■1,300  square  miles,  and  the  ]iropo»ed  addition  increases  the  reservation 

*  An  nddreaa  At  n  xpecial  BesRioii  of  tbf  Anierirnn  InHt<tnt«  of  Miniug  EngiDeera, 
at  Hammoth  Hut  Springa,  Wyoiiiltig,  on  tbe  bonlBra  of  tbe  Natiotml  Park,  July. 
1887.    (From  Tian*.  Am.  Intl.  Mining  Kni/ineeri.)  ,-■  i 
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|i,V  lu^iM'ly  :J,(HHt  4iiiian>  mik-s.  Thv  l';>rk  plateau,  with  the  ai^jiicent 
iiii>uut)HU'<.  iMr»s«Nits  it  sl»jrpt>-  tl«tined  r»gii>ii,  in  strong  voiitrattt  with 
lUo  ««t  i>f  tb»  tiiHrtiierii  Rx-ky  )l>Hiiitiii»s,  It  HtandN  out  boldly  by^ 
itst*tl^ttitt>iii«  in  t^>tii>-^jfihitrAl  stnK'tore,  aiid  twmplete  as  li  geological 

Tbo  utftici-^  ixircioH  \tC  clw  TeUikw^^iiMie  Park  is,  eswutially,  a  broad, 
.•lf\  litwJ,  v..lrtMin'  [ilufwaiu  b«\n(«i  T.tWU  and  8,51)0  feet  above  sea-level, 
tiiil  wirii  .*n  .tviH-tji**  el-'wiicti'tt  irf  4boat  S.OIIO  feet.  Suirouudiiig  it  on 
ilit>-<uu(li,<-)v^.  'lortii.  uitl  tii»rtfi«vst. are  mountain  raugen  with  ciilmi- 
u.uiitji  [KMii:^  hbI  n^Up-^  n-4ii^  fr»a  :1.000  to  4,000   fet't  above  the 

K.ii  iiivs»'«t  ■iui'n>iit«*it  ts.  tMK^U^'^  to  eimliiie  oar^^lves  strictly  to 
It^.ki  ^'wmi.wfJSi  Hit  rti-ufT  &•  oiasider the  eutire  region  in  its  broader 
!>;ii^v.*;  ^i>.»;lu■*^>^  b  ;tiworf:iy  itfofttf.  bow-e^-er.  that  by  the  proposed 
>'ii.itt.V.'''<>*v''*'    '>*'  ;>i->>ttK'ii.ii  jcva  will  iftjnw  vIuMly  with  the  geographical 

S-i>  '>  ■•(  '■■■I*'  l^*i'i.  l-K-  Tctims  scatid  oat  prominently  above  the  sur- 
•  .■,iii,ii:i,.i  ^^H^  i.ry,  tiu-  Ui,;:iie!M.  ar-iudest  peaks  in  the  Dorthera  Rocky 
^.■.i.i..*iii.-<  Vli*  <.v*-it*'r»  t-.x'.v  of  this  moantaiu  masi)  rises  with  an- 
t.\»lk'*(  !.H>l.i!K\-.-i  (■•r  ui-ailj-  7,tHK)  tw>t  above  Jackson  Lake.  North- 
s».ii>L  thv  luU'ti  l:*ll  away  ;»braptly  beneath  the  lavas  of  the  Park,  only 
.■K'^>iul.MiiX  stHtrs  iiHuitig  within  the  limits  of  the  reservation.  For  the 
lllv^>I  tKtft  thv  mouutaiusarv  luiwte  ap  of  coiirse  crystalline  gneisses  and 
M  ln.^t!*.  prvit'.ibl.v  of  Ari-hwm  age,  flanked  on  the  northern  spurs  by  np- 
iul.khI  »\tI;e>«oiv  strata, 

I'u  tho  tvw-it.  aoivss  the  broad  valley  of  the  Upper  Snake,  generally 
:iii,>«i>  iM  .l.ti-kttiu  Itasin,  lies  the  well-known  Wind  Biver  Bsnge, 
i.rii.Mii  Itvin  the  o;trUest  days  of  the  Rocky  Mountain  trappers.  The 
NuiitKia  I'ud  of  this  range  is  largely  composed  of  Mesozoic  strata, 
,!ii  ;K-  ihU»'s  "'<'  i'lt'taiH'ous  sandstone  penetrating  still  farther  norOi- 
VI. nU  utto  (ho  iv.i;ions  of  the  Park,  and  protruding  above  the  great 
,),.«.,  ot  U\.t. 

\lio>^  (Ito  outiiv  (Vtstern  side  of  the  Park  stretches  the  Absaroka 
K'l'K^'     '»>  v'Alh^l  ('''<»"  ^^"^  Indian  name  of  the  Crow   Nation.    The 

'     " '-  intimately  i-ounected  with  the  Wind  River,  the  two 

;<lat«d  that  any  line  of  separation  must  be  drawn 
-arily,  based  more  upon  geological  structures  and 
itn  upon  physieal  limitations. 
.>tl'or,  for  mure  than  80  miles,  a  bold,  nubrokeu  bar- 
progrtvis;  a  rough,  rugged  country,  dominated  by 
rugs  IW)ni  tU.UOO  to  11,000  feet  in  height  Only  a 
inloi-s  and  mouDtaineen«  cross  the  range  by  one  or 
lelpitous  trails  known  to  bnt  few.  The  early  trap- 
I'biilding  laud:   prospectors  who  followed  them,  a 

I'ornor  of  the  Park  a  confoseal  mass  of  mountaius 
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raonects  tlic  Absamkas  with  ttio  Snowy  Kaiige.  Tbis  Sixiwy  Ranjfe 
xlintt)  ill  tlie  I'ark  <m  the  iiortU,  and  is  an  eiitially  nmgh  region  of  coun- 
try, with  elevated  inoiintaiii  masses  covered  with  snow  the  greater  part 
(it  the  year,  as  the  name  would  indicate.  Only  the  aoatherii  slopes, 
Thichrirn  in  the  Park  region,  come  within  the  limit  of  onr  invealiga- 
tion.  Here  the  rocks  are  mainly  granites,  gnetsse.s,  and  schists,  the 
sediiuentary  beds,  for  the  most  part,  referable  to  the  pre-Canibnan 
s^ies. 

The  Gallatin  Hauge  incloses  the  Park  on  the  north  and  northwest 
itliea  directly  westnf  the  Snowy,  only  separated  by  the  broad  valley 
orthe  Yellowstone  Kiver.  It  is  a  range  of  great  beauty,  of  diversified 
forms,  and  varied  geological  problems.  Eleutric  Peak,  in  the  extreme 
Dortfaweatern  corner  of  the  Park,  is  the  ciilininatiug  point  in  the  range, 
and  affords  one  of  the  most  extendeil  views  to  be  found  in  this  part  of 
Ikecountry.  Archean  gneisses  form  a  prominent  mass  In  the  range 
over  which  occur  a  series  of  sandstones,  limestones,  and  shales,  of  Pale- 
n/Jtw  and  Mesozoic  age,  representing  Cambrian,  Silurian,  Devonian, 
Carboniferous,  Trias,  Jura,  and  Cretaceous.  Immediately  associated 
ivith  these  sediiuentary  beds,  are  large  miisses  of  intrusive  rocks, 
which  have  playcil  an  important  part  in  biiu^Jug  about  the  present 
iitTDctnral  features  of  the  range.  Tliey  are  all  of  the  andesitic  tj'pe, 
but  showing  con3ideral>Ie  range  in  mineral  com)>03itii)u,  includiug 
)>yroxene,  hornblende,  and  hornblende  mica  varieties.  These  intrusive 
inisjes  are  found  in  narrow  dikes,  in  immense  interbedded  sheets 
fDntd  between  the  drffereiit  strata,  and  as  laccolitex,  a  mode  of  occar- 
wncefirst  described  from  the  Henry  Mountains  in  Utah,  by  Mr.  G,  K. 
Gilbert, but  now  well  recognized  elsewhere  in  the  northern  Cordillera. 
Weiiee  then  that  the  Absarokas  rise  as  a  formidable  barrier  on  the 
nubrn  side  of  the  Park,  the  Gallatios  a>>  a  steep  mural  face  on  the 
lestRide,  while  the  other  ranges  terminate  abruptly,  rimming  in  the 
Park  on  the  north  and  southland  lewin^  a  depressed  region  not  unlike 
llieparks  of  Colorado,  only  covering  a  more  extended  area  with  a  rela- 
tively deeper  basin.  The  region  has  been  one  of  profound  dynamic 
ution,  and  the  center  of  mountain  building  on  a  grand  scale.  On  the 
xvompanying  map  of  the  Yellowstone  Park,  which  shows  the  position 
ftfthe  principal  objects  of  interest,  the  relations  of  the  ranges  to  the 
pluteau  are  clearly  indicated. 

It  is  not  my  purpr>se  at  the  present  time  to  enter  upon  the  details  of 
geological  structure  of  these  ranges,  each  offering  its  own  special  study 
ind  field  of  investigation.  My  desire  is  simply  to  call  your  attention 
to  their  general  features  aud  mutual  relations.  So  far  as  their  age  is 
n>ncemed,  evidence  goes  to  show  that  the  action  of  upheaval  was  cou- 
Ifinporaueonsin  all  of  them,  and  <!oincideut  with  the  powerful  dy- 
namic movements  which  uplitted  the  north  and  south  ranges,  stretch- 
ing across  CoJorado,  Wyoming,  and  Montiina.  This  dynamic  move- 
ment blocked  out,  for  the  most  jmrt,  the  Kocky  Mountains,  near  the 
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close  of  the  Cretaceous,  alttiongU  tliere  is  good  reason  to  believe  that 
in  this  region  profound  fmiltiug  and  dlKplacemeiitcoutiiiueil  the  work 
of  mountain  biiildiug  well  into  the  Middle  Tertiary  period. 
TbrougboutTertlarytimeiu  the  Park  area,  geologlcalhiBtory  was  char- 


s..ii(.nuch-ij.«ii«        YEUOWSTOSE  SATIONAL  PARK 
acterized  by  great  volcanic  aethitj-.enormonsvolnmes  of  erupted  mate 
rial  being  poured  out  in  the  Eocene  nud  Middle  Tertiary,  con  tinning  with 
\ess  force  through  the  Plioi-eue,  and  cstending  into  Quaternary  time. 
Within  very  recent  times  there  is  no  evidence  of  any  couBiderable  oat- 
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bnrat:  iiHleed  the  region  inay  be  cousidurvd  long  siuve  oxtiiivt.  Thei«o 
volcanic  nn-ks  present  a  wide  range  in  chemical  and  minei-al  compoai- 
ti»n  and  physical  8trnctiu«.  They  may  all  however  he  classed  under 
three  great  gronpa — andeaites,  rhyolites,  and  baualts — following  eai-li 
other  in  the  order  nained.  In  »ome  instances,  eruptions  of  basalt  oc- 
corred  before  the  corapletf  extinction  of  rhyolite,  but  in  general,  the 
relative  age  of  each  group  is  clearly  and  sharply  defined,  the  distribu- 
tion and  mode  of  f>ccnrrence  of  each  presenting  characteristics  and 
nlieut  features  frequently  marked  by  periods  of  erosion. 

Ande^tes  are  the  only  volcaiuc  rocks  which  have  played  an  impor- 
tant part  in  producing  the  present  structural  features  of  ttie  moun- 
tains gniToaucling  the  Park.  As  already  mentioned,  they  occur  in 
large  masses  in  the  Gallatin  range,  while  most  of  the  culminating 
peaks  in  the  Absarokas  are  composed  of  compact  andesites  and  ande- 
ritic  breccias.  On  the  other  hand,  the  andesites  are  not  confined  to  the 
mountains,  but  played  an  active  role  in  filling  up  the  interior  basin. 
That  the  duration  of  the  andesitic  eruptions  was  long  continued,  is 
made  evident  by  the  plant-remains  found  in  ash  and  lava  beds  through 
2,000  feet  of  volcanie  material.  The  plants  have  as  yet  been  too  little 
studied  to  define  positively  their  geological  horizons.  It  is  quite  pos- 
sible that  they  may  indicate  marked  differences  of  climate  between  the 
lower  and  upper  beds. 

In  early  Tertiary  timen,  a  volcano  burst  forth  in  the  northeast  cor- 
ner of  the  depressed  area  encircled  by  the  Park  Mountains,  nut  far 
from  the  junction  of  the  Absaroka  and  Snowy  ranges.  While  not  to 
to  be  compared  iii  size  and  grandeur  with  the  volcanoes  of  California 
»d  the  Cascade  Range,  it  is,  for  the  Rocky  Mountitins,  one  of  uo  mean 
ptoportions.  It  rises  from  a  base  about  6,500  feet  alwjve  sea-level,  the 
cnlminating  peak  attaining  an  elevation  of  10,000  feetu  This  gives  a 
beight  to  the  volcano  of  3,500  feet  from  base  to  summit,  metisuring  from 
the  Archasan  rocksof  the  Yellowstone  Viilley  to  the  top  of  Mount  Wash- 
bnme.  The  average  height  of  the  crater  rim  is  about  9,000  feet  above 
sea  level,  the  volcano  measuring  15  miles  across  the  base.  The  erup- 
tive origin  of  Mount  Washbume  has  long  been  recognized,  and  it  is 
frequently  referred  to  as  a  volcano.  It  is  however  simply  the  highest 
peak  among  several  others,  and  represents  a  later  outburst  which  de- 
stroyed in  a  measure  the  original  rim  and  fonn  of  the  older  crater.  The 
craptionsfor  the  most  part  were  basic  andesites.  Erosion  has  so  worn 
away  the  earlier  rocks,  and  enormous  masses  of  more  recent  lavas 
have  BO  obscured  the  original  form  of  lava-Hows,  tliat  it  is  not  easy  for 
an  inexperienced  eye  to  recognize  a  volcano  and  the  surrounding  i)eaks 
Mthe  more  elevated  points  in  a  grand  cniter  wall.  By  following 
aronnd  on  the  ancient  andesitic  lim,  and  studying  the  outline  of  the 
old  crater,  together  with  tJie  comitosition  of  its  lavas,  its  true  origin 
and  history  may  readily  he  maile  out.  This  older  cniter  has  as  yet 
received  no  special  designation,  but  when  our  ma])s  and  reports  are 
filially  published,  this  ancient  gtH)lo<,'ical  ruin  will  receive  an  appropriate 
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(It'HJ  gnat  ion.  This  old  volcano  of  early  Tertiary  time  wcnpies  a  prom- 
iiient  placit  in  tlu^  };eologie»l  devolopnicnt  of  the  Park,  iiDil  dates  back 
to  tbe  earliest  outbnrKts  of  lava  wbicli  have  in  tbia  rcgiou  cbaiiged  a 
depressed  baHin  into  an  elevated  plat'Caii.  We  bave  bere  a  volcano 
situated  far  inland,  in  an  elevated  regiou,  in  tbe  heart  of  the  Bocky 
Monntaing.  It  lies  on  the  eastern  side  of  the  continent,  only  a  few 
miles  from  tbe  great  continental  divide  which  Rends  its  waters  to  both 
the  Atlantic  and  Pacific. 

Altflr  tbe  dying  out  of  the  andeaitie  lavaB,  fallowed  by  a  )>eriod  of 
ei'osion,  inimcuse.  volumes  of  ibyolite  were  erupted,  which  not  only 
tbi'eateiied  to  filt  up  the  crater  but  to  bury  the  outer  walls  of  the  vol- 
cano. On  all  Hides  the  nndcsitii;  slopes  were  submerged  beoeatb  the 
rhyolite  to  a  height  of  from  8,(HK)  to  S,.''iOO  feet.  This  enormous  maas 
of  rhyolite,  iwui-ed  out  alter  the  close  of  the  andesitic  period,  did  more 
than  anything  else  t«  bring  about  the  present  physical  features  of  the 
Park  table-land.  A  tourist  making  the  customary  trip  through  the 
Park,  visiting  all  tbe  prominent  geyser  basins,  hot  springs,  and  the 
Gratid  Cailon  and  Falls  of  the  Yellowstone,  is  not  likely  to  come  upon 
any  other  rock  than  rliyolite,  excepting,  of  coarse,  deiMiaits  from  the 
liot  springs.  If  he  ext^ndM  his  journey  to  the  lake  region,  taking  in 
Hhoshone,  Lewis,  and  Yellowstone  lakes,  and  sjiending  a  week  or  ten 
days  going  over  the  beaten  routes  of  travel,  he  will  not,  unless  be  as- 
cends Mount  Washburne,  leave  the  rliyolit«  lavas.  A  descnptiou  of 
the  rhyolite  region  is  essentially  one  of  tbe  Park  plateau.  Taking  the 
bottom  of  tbe  basiu  at  6,500  fei^;t  above  sea  level,  these  acidic  lavas 
were  piled  up  until  the  accumulated  mass  measured  2,000  feet  in  thick- 
ness. It  c^mipletely  encircled  tbe  Gallatin  Range,  burying  its  lower 
slojies  on  both  the  east  and  wc!^t  si<les;  it  banked  up  all  along  the  west 
Hanks  of  the  Absarokas,  and  buried  the  outlying  spurs  of  the  Teton 
and  Wind  Eiver  ranges. 

Tbe  Park  Plateau  covers  an  area  approximately  60  by  40  miles,  with 
a  mean  altitude  of  8,000  feet.  It  is  accidente<l  by  undulating  basins  of 
\':*ried  outline  and  scored  by  dee|>  canyons  and  gorges.  Strictly  speak- 
ing it  is  not  aplatcan;  at  least  it  is  by  no  means  a  level  area,  but  a  rug- 
ged country,  (diara<;terized  by  bold  escarpments  and  abrupt  edges  of 
mesa-like  ridges.  But  few  large  vents  or  centers  of  volcanic  activity 
for  the  rhyolite  have  been  recognized,  the  two  principal  sources  being 
the  volcano  to  which  reference  Inis  already  been  made,  and  Mount 
•Sheridan  in  the  southern  end  of  tbe  Park.  Mount  Sheridan  is  the 
most  commanding  peak  on  the  plateau,  with  an  elevation  10,200  feet 
above  sea  level  and  2,C«0  feet  above  Heart  Lake.  From  the  summit  of  the 
peak  on  a  clear  day  one  may  overlook  the  entire  plateau  country  and  the 
mountains  which  shut  it  in,  while  almost  at  the  base  of  the  peak  lie  the 
magnificent  lakes  which  add  so  much  to  tbe  «iuiet  beauty  of  the  region,  in 
contrast  with  tbe  rugged  scenery  of  tbe  mount-tins.  From  no  point  is  the 
magnitude  and  gi"andeur  of  the  volcanic  region  so  imprei*sive.  The  lava- 
— boundi.Hl  on  the  east  by  the  .Absarokas — extend  westward  not 
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only  across  tliepHrk,Liit  mvohs  the  MmliKOii  Plateau,  and  out  on  t<i  the 
irr«it  }»liirti8  Snake  of  River,  stretehiiip;  far  wi-stwanl  almost  witliout  a 
break  id  the  eoutiunityof  tlii'eniptive  Hows.  Overtheceutral  irortiouof 
tbeparkjvhe  e  the  ryholites  tire  thickest,  ei-o»ioii  has  fitiled  to  penetrate  to 
tbeuDderlying  rock.  Eveu  sneh  deep  gorgesas  the  YellowRtone,  Gibhon, 
aud  Madison  Cauoiis  have  nowhere  worn  through  these  ihyohtetlowg. 
Ill  the  Grand  Oarioii  of  tlieYeliowatone  the  aiidesitiv  breccias  are.  found 
beneath  the  rb.volite»,  but  the  dee])est  cuts  fail  to  reveal  the  underly- 
ing »ediineiitary  liedx.  Although  the  roi^ks  of  the  plateau  for  the  most 
part  belong  to  one  group  of  acidic  lavas,  tliey  by  no  means  preaeut  the 
^r«fltiiiiiforniity  and  monotony  in  Held  appearance  that  might  be  ex- 
ixded.  These  3,000  Bquare  miles  otter  ns  grand  a  field  for  the  study  of 
stnietnral  forms,  development  ol'crystallizatiou.  and  mode  of  occurrence 
flfaeidtc  lavas  as  could  well  he  found  anywhere  in  the  world.  They 
caty  from  a  nearly  holocrystalline  rock  to  one  of  jiure  volcanic  glass. 
Ubaidian,  pumice,  pitchstone,  ash,  breccia,  and  an  endless  development 
of  transition  An-ms  alternate  with  the  more  compact  lithoidal  lavas 
wbich  make  up  the  great  mass  of  the  rhyolite,  and  which  in  colors, 
texture,  and  structural  developments  present  an  equally  varied  aspect. 
In  mineral  composition  these  rock  are  simple  enough.  The  essential 
uuuerals  are  orthoclase  and  quartz,  with  more  or  less  plagioclase. 
Sauidine  is  the  prevailing  feldspar,  although  in  many  cases  plagioclase 
IbriDS  occur  nearly  as  abundantly  as  orthoclase.  Chemical  analyses, 
whether  we  consider  the  rocks  from  the  crater  of  Mount  Sheridan,  the 
^immut  of  the  plateau,  or  the  volcanic  glass  of  the  world-renowned 
Obadian  Cliff,  present  comparatively  slight  differences  in  ultiuatfi  com- 

PNtioD. 

Tk  following  analyses  of  two  i-ocks,  representing  extreme  forms  in 
pli^ncal  habit,  show  how  closely  they  approach  each  other  in  com^msi' 
tioo  of  the  original  magma : 
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The  rock  from  Madison  Plateau  was  collected  on  the  north  side  of 
MadleoD  Canyon  and  was  selected  asa  typical  rock  covering  large  areas 
of  the  Park.  It  is  purplish-gray  in  color,  rough  in  texture,  porphy- 
ritic  iu  structui-e,  aud  characterized  by  well-developed  sanidiu  and 
quartz.  The  obsidiau,  from  Obsidian  Clitf,  is  au  excellent  example  of 
pare  volcanic  glass,  wholly  devoid  of  porphyritic  crystals.  In  genenU 
the  investigations  of  the  laboratory  couflrm  the  observations  of  the 
field  geologist,  that  the  differences  exhibited  by  the  volcanic  product  are 
not  of  chemical  or  mineral  composition,  but  rather  of  physical  con- 
ditions under  which  the  magma  haa  cooled. 

I  have  dwelt  somewhat  in  detail  u]>ou  the  nature  of  these  rocks  for 
two  reitsone:  First,  because  of  the  difficulty  met  with  by  the  scientific 
traveller  in  recognizing  the  uniformity  and  simplicity  of  chemical  com- 
position of  the  rhyotite  magma  over  the  entire  plateau,  owing  to  its 
gieat  diversity  ill  superficial  babit;  second,  on  account  of  their  geolog- 
ical importance  in  connection  with  the  unrivalled  display  of  the  gey- 
sers and  hot  springs.  That  tlie  energy  of  the  steam  and  thermal 
waters  dates  well  back  into  the  period  of  volcanic  action,  there  is  in 
my  opinion  very  little  reason  to  donht.  As  tlie  energy  of  this  under- 
ground heat  id  to  day  one  of  tlie  most  impressive  features  of  tbe 
country,  I  will  defer  commenting  upon  the  geysers  and  hot  spring.* 
until  speaking  of  the  present  condition  of  the  Park. 

Although  the  rhyolite  i-rnptions  were  probably  of  long  duration  aud 
died  out  slowly,  there  is,  I  think,  evidence  to  ahow  that  they  occupied 
a  clearly  and  sharply  defined  period  between  the  andesites  aud  basalt 
eruptions.  Since  the  outpouring  of  this  enormons  Iwdy  of  rhyolile 
and  building  up  of  the  plateau  the  region  has  undergone  )irofonnd 
faulting  and  displacement,  lifting  up  bodily  immense  blocks  of  lava 
and  modifyiug  tlic  surface  features  of  the  country.  Following  the  rfay- 
olite  came  the  period  of  basalt  eruptions,  which,  in  comparison  witb 
the  andesite  and  rhyolite  eras,  was,  so  far  as  the  Park  was  con- 
cerned, insignificant,  both  as  regards  tbe  area  covered  by  the  basalt 
and  its  influence  in  modifying  the  physical  aspect  of  the  region.  The 
bas^t  occura  as  thin  sheets  overlying  the  rhyolite  and  in  80in« 
instances  as  dikes  cutting  the  more  acidic  rocks.  It  has  broken  out 
near  the  onter  edge  of  the  rhyolite  body  and  occurs  most  frequently 
along  the  Yellowstone  Valley,  along  the  western  foothilts  of  the  Gal- 
latin Kaiige  and  Madison  Hateau,  and  again  to  the  southward  of  the 
Falls  River  basin. 

After  the  greater  part  of  the  basalt  had  been  poured  out  came  the 
glacial  ice,  which  widened  and  deepened  the  pre-existing  drainaiiie 
cliannelM,  cut  profound  gorges  through  the  rhyolite  lavas  aud  modelled 
the  two  volcauos  into  their  present  form.  Over  the  greater  part  of  the 
('ordillera  of  the  central  and  northern  Rocky  Mountains  wherever  the 
peaks  attain  a  sufficleutly  high  altitude  to  attract  the  moisture-ladeu 
clouds  evideuL'et)  of  the  former  existence  of  local  glaciers  are  to  be 
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roDiid.  Id  tbe  Teton  Range  sevonil  welt-deflned  characteristic  glaciers 
rtill  exist  upon  the  abrupt  slopes  of  Moant  Hayden  and  Mount  Morau. 
Tlieyare  the  remnants  of  a  much  larger  ttyateia  of  glaciers.  The  Park 
Kgioti  presents  so  broatl  a  masts  of  elevated  country  that  the  entira 
{dateau  was,  in  glacial  times,  covered  with  a  heavy  capping  of  ice. 
Evidences  of  glacial  action  are  everywhere  to  be  seen. 

Over  the  Absaroka  Range  glaciers  were  forced  down  into  the  Lamar 
ud  Yellowstone  valleys,  tbence  westward  over  the  top  of  Mount  Evarts 
10  the  Mammoth  Hot  Springs  Basin.  On  the  opposite  side  of  the  Park 
Hie  ice  from  the  summit  of  the  Onllatin  Range  moved  eastward  across 
8wwi  Valley  and  passing  over  the  top  of  Terrace  Mountain  joine<l  the 
ice  field  coming  from  tlie  cast.  Tbe  united  ice  sheet  plowed  its  way 
nortbw^d  down  the  valley  of  the  Gardiner  to  the  Lower  Yellowstone, 
tbere  tbe  broad  valley  may  be  seen  strewn  with  the  material  trans- 
ported irom  both  the  east  and  west  rims  of  the  Park. 

Since  the  dying  out  of  the  rhyolite  eruptions  erosion  has  greatly 
modified  the  entire  surface  features  of  the  Park.  Some  idea  of  the  es- 
tent  of  this  action  may  be  realized  when  it  is  recalled  that  the  deep 
tafions  of  the  Yellowstone,  Gibbon  and  Madison  rivers — cafions  in  the 
strictest  use  of  the  word — have  all  been  carved  out  since  that  time. 
To^ay  these  gorges  measure  several  miles  in  length  and  from  1,000  to 
1,500  feet  in  depth. 

To  tbe  geologist  one  of  the  most  impreastve  objects  on  the  Park 
pbteau  is  a  transported  bowlder  of  granite  which  restt*  directly  upon 
tberbyohte  near  the  brink  of  the  Grand  Ganoo,  about  3  miles  below  the 
Falbof  the  Yellowstone.  It  stands  alone  in  the  forest,  miles  from  the 
Muot  glacial  bowlder.    Glacial  detritus  carrying  granitic  material 

tiarbe  tracked  apou  both  sides  of  the  cation  wall,  bat  not  a  fragment 

ofnck  more  than  a  few  inches  in  diameter,  older  than  the-recent  lavas, 
ii«  been  reoognixed  within  a  radius  of  many  miles.  This  massive 
block,  although  iiregular  in  shape  and  somewhat  pointed  toward  the 
top,  measures  24  feet  in  length  by  20  feet  in  breadth  and  stands  18  feet 
above  the  base.  The  nearest  point  from  which  it  could  have  been  trans- 
jwtedis  distant  30  or  40  miles.  Coming  upon  it  in  the  solitude  of  the 
^Testwith  all  its  strange  surroundings  it  tells  amost  impressive  story. 
In  no  place  are  the  evidences  of  frost  and  fire  brought  so  forcibly  to- 
other as  in  the  Yellowstone  ffational  Park. 

Since  the  close  of  the  ice  period  no  geological  events  of  any  moment 
liave  brought  about  any  changes  in  the  physical  history  of  the  region 
"tiier  than  those  produced  by  the  direct  action  of  st«am  and  thermal 
"alers.  A  few  insignificant  eruptions  have  probably  occurred,  but 
tte;  foiled  to  modify  the  broad  outlines  of  to])ographical  structure  and 
Pfesent  hut  little  of  general  interest  beyond  the  evidence  of  the  con- 
linoance  of  volcanic  action  into  quaternary  times.  Volcanic  activity 
in  the  Park  maybe  considered  as  long  since  extinct.  At  all  events  in- 
lUcations  of  frmh  lava-Sows  within  historical  times  are  wholly  want- 
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iug.  Tins  18  not  without  iut«rest,  as  evidence  of  ander-grouad  beat 
mny  be  observed  everywhere  tbrougbout  the  Park  id  the  waters  of  the 
geyseru  and  hot  spriugs.  All  oar  observations  point  in  one  direction 
and  leitd  to  the  tbeory  that  the  cause  of  the  high  temperatures  of  these 
waters  mast  be  found  iu  tbe  heated  rocks  below,  and  that  tbeorigiu  trf' 
the  beat  is  in  someway  associated  with  the  sonrce  of  volcanic  energy.  It 
by  no  means  follows  that  the  waters  themselves  are  derived  from  any 
deep-seated  source;  on  tbe  contrary,  investigation  tends  to  show  that 
the  waters  brought  np  by  the  geysers  and  hot  springs  are  mainly  snr- 
face  waters  which  have  percolated  downward  a  sufficient  distance  to 
become  heated  by  large  volumes  of  steam  ascending  through  flssores 
and  vents  from  much  greater  depths.  If  this  theory  is  the  correct  one 
it  is  but  fair  to  demand  that  evidence  of  long-continued  action  of  hot 
waters  anil  super-heated  steam  sbonld  be  apparent  upon  the  rocks 
through  which  they  passed  on  their  way  to  the  surface.  This  is  pre- 
cisely what  one  sees  in  innumerable  places  on  the  Park  plateau.  In- 
dee<l,  the  decomposition  of  the  lavas  of  the  rhyolite  plateau  have  pro- 
ceeded on  a  most  gigantic  scale,  and  could  only  have  taken  place  after 
the  lajtse  of  an  enormous  jieriod  of  time  and  tbe  giving  off  of  vast 
quantitiesof  heat,  if  we  are  tojudgc  at  all  by  what  we  see  going  on 
around  us  to-day.  Tbe  ascending  currents  of  steam  and  hot  water 
have  been  powerful  geological  agents,  and  have  left  an  indelible  im- 
pression upon  the  surface  of  the  county.  Tbe  most  striking  example 
of  this  action  is  found  iu  the  Oraud  Caiion  of  tbe  Yellowstone.  From 
the  lower  falls  fur  3  miles  down  tbe  river  abrupt  walls  ui>on  botb 
sides  of  the  cafion,  a  tbunsand  feet  in  ileptli,  present  a  brilliancy  and 
mingling  of  color  In-yond  the  gmwer  of  description.  From  tbe  brink  of 
the  cafiou  to  the  water's  edgi^*  tbe  walls  are  sheer  bodies  of  decomposed 
rliyolite.  Varied  hues  of  orange,  i-wl,  purple,  and  sulphur-yellow  are 
irregularly  blended  in  one  confused  mass.  There  is  scarcely  a  piece  of 
unaltered  rock  in  plave.  Much  of  it  i.s  changed  into  kaohii;  but  from 
rliyolite,  still  easily  rei-ognizeil,  occnr  transition  products  of  every  poe 
Bible  kind  to  good  procelain  clay.  This  is  tbe  result  of  the  longooti- 
ttuiu-il  action  of  steam  and  vapors  upon  tbe  rhyolite  lavas.  Tbrougb 
this  mass  of  de<'om|>oseil  rhyolite  tbe  course  of  ancient  steam  vents  Id 
their  upwaitl  pa.-^sage  may  still  be  trace<l,  while  at  the  bottom  of  the 
carmn  hot  springs,  fumart>les,  and  steam  vents  are  still  more  or  Ie» 
activt\  but  proltably  with  dimiuisbed  jtower. 

It  is  needless  ro  weary  you  with  the  details  of  this  decomposition, 
but  I  may  add  that  invcstigjitiona  in  the  laboratory  upon  these  tran- 
sition prtMlucts  fully  substautiatf  Held  observations. 

Still  other  areas  are  quite  as  couvincing,  if  not  on  so  grand  a  scale, 
as  the  Yellowstone  t'aiion.  .Itiscpirs  Coat  Itasin.  on  the  ejistsideof 
the  cafkiui,  and  Itrimsione  IlilK  on  the  east  side  of  the  Yellowstooi' 
Lake,  «u  extensive  luva  on  the  jilopes  of  tbe  .\bs;iroka  Kange,  both 
ureseut  evideui«'«  <>l"  the  same  chemieat  proeeiSse«  brought  abont  in  the 
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same  nianuer.  It  is  Dot  stating  it  too  strongly  to  sny  that  the  plateau  od 
the  east  side  of  the  Grand  Canon,  from  Bruail  Creek  to  Feiicao  Greek, 
is  coinjiletely  andermiDed  by  the  action  of  suiier-beated  steam  and 
alkaliDe  waters  on  the  rhyolite  lava.  Similar  processes  may  be  seen 
p)ing  on  to-day  in  all  the  geyaei'  basios.  To  accomplish  these  changes 
3  loug[»eriod  of  time  mast  have  been  re4iuire<l.  The  study  of  com- 
paratively fresh  vents  shows  almost  no  change  fh>m  year  to  year,  al- 
though careflil  scrutiny  during  a  period  of  Hve  years  detects  a  certain 
amoant  of  disintegration,  bat  infinitely  small  in  comparison  with  the 
p«ftt  bodies  of  altered  rock.  This  is  well  shown  in  a  locality  like  the 
HoDarch  Geyser  in  the  Norris  Geyser  Basin,  where  the  water  is  thrown 
oat  »t  regnlar  int«rvals  throngh  a  narrow  tissnre  in  the  rock. 

The  Grand  Cafion  of  the  Yellowstone  offers  one  of  the  most  impres- 
in  examples-  of  erosion  on  a  grand  scale  within  recent  geological 
limes.  It  is  self-evident  that  the  deep  canon  mn»t  be  of  much  later 
origin  than  the  rock  through  which  it  has  been  worn,  and  it  seems 
quite  clear  that  the  course  and  outlines  of  the  caiion  were  in  great  part 
(leterroined  by  the  easily  eroded  decomposed  material  fonuing  the 
nfion  walls,  aad  this  in  turn  was  brought  about  by  the  slow  processes 
jnst  described. 

The  evidence  of  the  untiqaity  of  the  hot  spring  deposits  is,  perhaps, 
ihown  in  an  equally  striking  manner  and  by  a  wholly  difterent  proc- 
CM  of  geological  reasoning.  Terrace  Mountain  is  nn  outlying  ridge  of 
the  rhyolite  plateau  just  west  of  the  Mammoth  Hot  Springs.  It  is 
corered  on  the  snmniit  with  thick  t)edH  of  travertine,  among  the  oldest 
pcfUoDs  of  the  Mammoth  Hot  Springs  deposits.  It  is  the  mode  of 
ocrarrence  of  these  calcareous  deposits  itom  the  hot  waters  which 
)iu  given  the  name  to  the  mountain.  Lying  niwn  the  surfuce  of 
iliM  travertine  on  the  top  of  the  mountain  are  found  gincial  bowlders 
brooght  from  the  summit  of  the  Uallatin  Range,  fifteen  miles  away, 
»d  transported  on  the  ice  sheet  across  Swan  Valley  and  deposited 
on  the  top  of  the  mountain,  700  leet  above  the  intervening  valley.  It 
cffers  the  strongest  possible  evidence  that  the  travel  tine  is  older  than 
the  glacier  which  has  strewn  the  country  with  transported  material, 
Hov  much  travertine  was  ermled  by  the  ice  is,  of  course,  imitossible  to 
<ay,but  so  friable  a  material  would  yield  reiidily  to  glacial  movement. 
3ti|]  another  method  of  arriving  at  the  great  antiquity  of  the  thermal 
wergy  and  tbeage  of  the  hot  spring  foiroatiou  is  by  determining  the 
nte  of  deposition  and  measuring  the  thickness  of  the  aci-umulated 
nuter.  This  method,  although  the  one  which  would  perhaps  first  sug- 
pxt  itself,  is  in  my  opinion  by  no  means  as  satisfactory  as  the  geo- 
logical reasouing  already  given.  It  is  unsatisfactory  because  no  nni- 
fcnn  rate  of  deposition  can  be  ascertained  foi-  even  a  single  area,  like 
the  Upi>er  Geyser  Basin,  and  it  is  still  more  difficult  to  arrive  at  any 
(wiclnsion  as  to  the  giowth  of  the  sinter  in  the  ])a8t.  Moreover,  it  is 
quite  possible  that  heavy  deposits  may  have  suffered  erosion  befoi'e  the 
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pnMeac  ■4ater  vmi  hutl  ilitira.     It  however  corroborates  otber  uietb- 
>mLj  uutl  tviss«;ii4M^  :bv  Mlv^uiCuce  of  beiug  a  direct  way. 

It  may  Im*  wt^U  ro  jrJti  hun  tbiU  there  exists  the  ^rei»t«st  coutniKt 
b«»Cw««u  rh«  il^fto^tcsotrUf  Xiumoitth  Hot  Spriogs  and  tliose  found 
u|Ntu  rht>  jiluCt'iui.  Ac  liif  )LuBtiiDtb  Springs  tli<*y  are  nearly  pnre 
tnivfriiu**,  tvtf  It  ouly  a  rrave  i>f  ^Uka.  Analyses  showing  from  95  to  99 
]tw  •eiit  >>i  v'iUvuun  e-arbuaiMv.  On  the  plateau,  the  deposits  consixt 
'or  liiv  most  jitui  -n"  -i^liceoas  >m»r,  locally  termed  "geyserite."  The 
itNUiUU  tor  lilt)  ditHHviice  b  this:  At  the  Mammotb  Hot  Springs  the 
littMui.  ^uthoui£h  .i:<t.-<:HHUiig  frum  tLi^tuvs  ID  the  Igneous  rock,  comes  in 
k»uta(.'(  with  tht*  ivact^r^  round  in  the  Hesozoic  strata,  which  berefonn 
tlio  ^uf'iKf'  iiK'iis.  Thv  liu-.t  or  Creti>ci^u8  limestones  have  furnished 
lUv  luutf  Ih*UI  iti  sulutiou  auil  [tret-i^Htikced  on  th«  surface  as  travertine. 
On  ih«  >>ibt'r  li^tuii.  I  tie  tniuei'al  eonstituents  of  the  plateau  waters  are 
dviii^Hl-tUu '-i  i.'\'itisivi.'iv-  I'lMia  the  highly  acidic  lavas,  which,  as  it 
n  lit  Ih>  -i(.<t>u  U>  R-l^drviu'i.'  To  Che  :trialy%e».  carry  bat  a  small  amount  of 

ltv|i.i.Mii<>ii  oi'  sillier  tVimi  the  hut  witters  of  the  geyser  basins  de- 

Ik-ikU  111  'i  ^iivtt   uit-iksure  on  tliv  amount  of  silica  held  in  solutiou, 

Mtiiiti  ^.tllt'H  n  >i  wile  rub  ly  at  the  ilift'ereiit    localities  and  may  have 

v.tiii^l  'villi  Kiiiiv  iu  p^ist  Etiiie.    The  silica,  as  determined  by  analyses, 

i,iit>;t'  I  lioiii  .'^'.i  U>  .60  giauimes  {>er  kilo^'umme  of  water,  the  former 

liviiiK  I  iio  lUiioiitit  t'ounil  in  the  water  of  the  caldron  of  the  Excelsior 

i„  ^,v,   iiid  llirlatiuritt  the  Coral  Spring  iti  the  Xorris  Basin.     Analysis 

,li,i»  4  I  li.kl  Hoiu  oiie-htlh  to  one-thii-d  of  the  mineral  matter  held  in  so- 

Itihoii  toO'^i-'l'i  of  ^lira.  the  remiiiniug  constituents  being  readily  sola 

till  -M 1 1  ••  <>•»>  I  X'll  •■■)  by  surface  drainage.     A  few  springs  highly  charged 

ttilli  iiliiii,  liltK  lh>^  tVual.  deposit  it  on  the  cooling  of  the  watem;  but 

.III  It  >i»iiui  li>i»iwer  are  exceptional,  and  I  do  not  reeall  a  single  in- 

■fi„\,'  I  i>i  -k  i|>iiiig  in  the  (Ipi>erUey»er  Basin  pretHpitating  silica  in  tliis 

n,n       viiii'iit   ■•iiiiii;,'!*  and  geysers  it  results  only  after  evaporation. 

,,uil   iiol  iK'io  )i<i'i>^  (HMiluij;  of  the  water.     It  seems  probable  that  tlie 

....iiiii.  .Kill  ■iiti>iiiiit  of  alkaline  i-hlorides  and  carbouatcH  present  iufln- 

liliea.     Temi>erature  also  may  in  some  degrve 

My  tViend,  Mr,  El  wood  Hofer,  one  of  the  best 

lid  a  keen  observer  of  nature,  has  ealled  ray 

ion  of  his  made  in  mid-winter,  while  on  oneoT 

>ugli  the  I'ark.     He  noticed  that  certain  over- 

'i;  upon  being  frozen,  de[>ositcd  a  eonsiderahlu 

itr.     llehassentmeBpeftiineiiB  of  this  material, 

I,  pHived  to  be  identical  with  the  silica  depos-    . 

iiKupon  tliecoolingof  tbewater.     Demijohnsof  I 

lioi'ii  Mtaniling  for  one  or  two  years  have  faiM 

<jiiile  recently,  iu  ex|>erimentiiig  u|>oo  thesu    i 

',  II  niis  notii'ed  that  on  reducing  them  nearly 

liitn»,'e  look  place,  but  upon  freezing  the  waters 
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tkere  was  au  abundant  aepavHtion  of  free  ailica.  TUe  wntera  frozeu  fri 
ibis  way  were  collected  from  the  C!oral  Spring,  Norris  Basin,  and  the 
Taurus  Geyser,  Shoshone  Basin. 

Again,  there  is  uo  doubt  that  the  algouH  growths  foiiud  floiirishiug 
in  the  hot  waters  of  the  Park  favor  tbe  secretion  of  silica  and  exert  aii 
JDtlnence  in  building  op  the  geyserite  far  greater  than  one  would  at 
first  be  led  to  suppose.  These  low  forms  of  vegetable  life  occur  in 
nearly  all  pools,  springs,  aod  running  waters,  up  to  a  temperature  of 
185*3  F.  (only  13°  below  the  boiling  iioint),  at  the  Upper  Geyser  Basiit.- 
Iftime  permitted,  mach  might  be  said  outfaisHubject.  I  will  only  add 
that  Mr.  "Walter  H.  Weed,  in  connection  with  his  other  duties  on  the 
Geological  Survey,  has  devoted  much  time  to  a  study  of  these  algons 
growths,  and  the  results  of  his  investigations  will  form  an  important 
chapter  in  the  final  publications. 

Several  methods  have  been  devised  for  ascertaining  the  growth  of 
deposition  of  the  geyserite.  One  way  is  by  allowing  the  water  to 
trickle  over  twigs,  dried  grasses,  or  almost  anything  exposing  consid- 
erable sorfoce,  and  noting  the  amouut  of  incrustation.  This  way 
gives  the  moat  rapid  results,  but  is  fur  fh>m  satisfactory  and  by  no 
means  reproduces  the  conditions  existing  in  nature.  Other  methods 
employed  are  placing  objeuts  on  the  surra<:e  of  the  water  or,  still 
better,  partially  submerging  them  in  tbe  hot  ik>oIs,  or  again  by  allow- 
ing tbe  water  to  run  down  an  iuelined  plane  with  frequent  intervals 
for  eva|ioratiou  and  concentration. 

Tbe  vandals  who  delight  to  inscribe  their  names  in  public  places 
have  invaded  the  geyser  basins  in  large  numbers  and  lelt  their 
iddressea  upon  the  geyserite  in  various  places.  It  is  interesting  to 
note  how  quickly  these  inscriptions  become  indelible  by  the  deposition 
of  the  merest  film  of  silica  upon  the  lead-pencil  marks,  and,  at  the 
same  time,  how  slowly  they  build  up.  Names  and  dntes  known  to  be 
ni  and  eight  years  old  remain  perfectly  legible,  and  still  retain  the 
color  and  luster  of  the  graphite.  That  there  is  some  increase  in  the 
thickneas  of  the  incrnstation  is  evidCEit,  although  it  grows  with 
incredible  slowness.  Mr.  Weed  tells  me  that  he  has  been  able,  in  at 
least  one  instance,  to  chip  off  this  siliceous  film  and  reproduce  the 
vriting  with  all  its  original  distinctness,  showing  conclusively  that  a 
alow  deposition  has  taken  place.  Pencil  inscri]>tions  ut>nn  the  sili- 
ceous sinter  at  liotomahana  Lake,  in  New  Zealand,  are  said  to  be 
legible  after  the  lapse  of  twenty  or  thirty  years.  It  is  easy  to  see 
that  various  ingenious  devices  might  be  planned  to  estimate  the  rate 
of  deposition,  but  in  my  opinion  none  of  them  equal  a  close  study 
of  the  conditions  found  in  nature,  especially  where  investigations  of 
this  kind  can  be  watched  from  year  to  year.  All  observations  show 
an  exceedingly  slow  building  up  of  the  geyserite  formation.  This  is 
well  seen  is  the  repair  going  on  where  the  rims  snrrouudiug  the  hot. 
pools  have  been  broken  down,  and  where  it  might  be  supposed  tl 
H.  MU.  114 10  Dcr:.cb>GtX>glc 
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Noil  Kin  Gbi 

HBK    BAWIN.— U. 

An«>ni.>. 

I'ilUUK, 

Veteran, 

I'onaUiit, 

Growler. 

Pearl, 

Viien. 

Echinus. 

Himicnue, 

Pebl.le, 

Feariesa. 

Miiiiile. 

SchlamnikesHel, 

liOWKK  Gky 

8BR   BA81N.— 17. 

Bead, 

Great  Fountain, 

Pink  Cone, 

Surprise, 

Ckp«y.lra, 

Impulsive. 

Kosette, 

White  Dome. 

Ciiutli. 

Jet, 

Spasm, 

Piitintiiiii, 

Monixl. 

Spray, 

niful. 

N.rciBBns. 

Sfea<ly, 

Midway  Gk 

■f.KII    ItASIN.-l. 

Eieelaior, 

FlmHi, 

Rai.liitl, 

Tromp. 

Ul'PKll  (iKV 

BK  Basis.— 19. 

Ilftisy, 

Model. 

Splendid, 

Un  Hive, 

Fan. 

Mortar, 

Sponge, 

Bijon, 

Giant, 

Oblong, 

Sponter, 

BoDita, 

Giunteait, 

Old  Faithful, 

Sprinkler, 

BrUliiDi, 

Grand, 

Rratleas, 

Sprite, 

Bolger, 

Grotto, 

BiverBide, 

Tardy, 

Ca«ade, 

Infant, 

Rocket, 

Three  Slaters, 

ChUd, 

Jewel, 

Saw  Mill, 

Triplete, 

CitfiBh, 

Uberty, 

Sentinel, 

Turban, 

Chnrn, 

Lion, 

Sht'll, 

White. 

cur, 

Lionesa, 

C«rt, 

MastiSf, 

Spanker. 

CtU, 

Midget, 

Rpitefnl, 

A  comparative  stndy  of  the  analyses  of  tlie  fresh  rbyolite,  tlio  vari- 
oas  trau  si  tiou- prod  acts,  and  the  thermal  waters  points  clearly  to  the 
foctthat  the  solid  cootents  of  these  waters  are  derived  for  the  most 
part  from  the  volcanic  rocks  of  the  plateau.  During  the  progress  of 
the  work  of  the  Oeologh^al  Survey  in  the  Yellowstone  Park  there  have 
been  collected  from  nearly  all  the  more  important  localities  samples  of 
the  waters,  which  have  been  subjected  to  searching  chemical  analyses 
in  the  laboratory  of  the  Survey,  by  Messrs.  F,  A.  Gooch  and  J.  E.  Whit- 
Geld;  the  results  of  whose  work  will  be  published  at  an  early  date. 

The  following  iinalyses  of  hot  waters  Iroiti  the  three  principal  geyser 
basins  serve  to  show  their  chemical  comimsitiou : 
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'I'ltiti'  iiiti  all  t)lll<'i-<)iiH  iilballiic  w»riu-H  IxildiiiR  tlie  same  mineral  eon 

vllliiritlH,  lull  ill  viti.^hitf  ([iiiintitloH.     Hi)ii;a  forms  the  principal  d^Nxil 

mil  iiiil,t  liiiiiii'illiili'ly  iii'iiiiiul  llio  H^mneH,  l>iit  over  tbe  entire  flootof 

lliu  liiinliia.    'I'll"  nil  tiiiMitirti,  Hiil]ilial('8,  i-lilorides,  imd  traces  of  other 

i:iiBlly  Boliililc  oiitlH  iih<  I'liriti-d  otV  In  the  wat^^rs.    Oxides  of  iron  atid 

(1  iiinl  iiri'iieiiMinll.v  "niiH'  ciilrit*'  ot'cur  a nder  certain  ooiidi- 

Mi  I'liiililiiiiiH  til  llio  hot  MpvliiKN  or  imiia'diately  around  tlwir 

Kiiit^iili'tttiiiiiti  IVmii  liii'Kc  tiuitiililicM  of  these  waters  foiLto 

iiiKHciitui  of  nvi'ii  It  IviM't'  itl'  copiKT,  silvpr,  tin  or  other  metiL 

llii>  Hult'in  i'iiri\^  ainniii',  th*' nmount  present,  according^ 

mull  iiiitt  \MiillliOil,  \ai',\inK  tVttm  .01'  to  :25  per  cent  of  tbe 

itllt^l  til  milii 

Ilii>  liii  tiinliilliiiiN  tluuut  at  «t>vt>ml  of  the  bot  springs  and 
II  liii<l>  Hii""i  atiiiiiphtta!)  Hiiiienil,  wliioh  proves  on  invnstiga- 
»i  iiiiiiMlo,  II  )i,\  ili'ouM  ai'!H>ni»l<>  of  iron.  The  best  occurrence 
Id  lit  .liinii|i|i'n  I  'nal  S|irin)^  itii  the  east  aide  of  the  Grand 
llii>  \)i|liiu><lniii',  wlu'iv  il  *Hvnrs  iis  a  t-oating  npOD  the  aili- 
»v  liiiinu  ttu^  I'liuUhtui  of  a  Ixtilini!  »)kring.    Analysis  shova 
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ft  aeatly  pure  scorodit^,  agreeing  closely  with  the  theoretical  composi- 
fion: 

Ferric  oxide 34.94 

ATsenlG  kcid 48.79 

Watar 16.27 


Alteration  of  the  scorodite  into  lltnooite  takes  place  readily,  which 
in  torn  andergoes  disintegration  by  the  wearing  of  the  water,  and  is 
mechanically  carried  away.  So  far  as  I  know  this  is  the  only  occur- 
rence where  scorodite  has  been  recognized  as  deposited  ft^m  the 
mtersof  thermal  apriugs.  Although  pure  scorodite  is  only  sparingly 
preserved  at  a  few  localities  in  the  YcUowst^ine  Park,  it  is  easily  recog- 
liEed  by  its  characteristic  green  color,  in  strong  contrast  with  the 
irhite  geyserite  and  yellow  and  red  oxides  of  iron.  After  a  little 
practice  the  mineral  green  of  scorodite  is  not  easily  mistaken  for  the 
vegetable  greeu  of  the  algeous  growths.  The  latter  is  associat«d  every- 
where with  the  hot  waters,  while  the  former,  an  exceedingly  rare  min- 
eral, is  obtained  only  in  small  quantities  after  diligent  search.  Id 
America  traces  of  arsenic  have  been  re(>orted  from  several  springs  in 
Virginia,  and  quite  recently  sodium  arseniate  has  been  detected  in  the 
hot  springs  of  Ashe  County,  N.  0.  Arsenical  waters  of  suflScient 
Ktrength  to  be  beneficial  fur  remedial  piiri)08e8  and  not  otherwise 
deleterious  are  of  rare  occurrence.  In  France  the  curative  properties 
of  arsenical  waters  have  long  been  recognized,  and  the  famous  sani- 
Uriom  of  La  BonrlMiule  in  the  volcanic  district  of  the  Auvergne  has 
adueved  a  wide  reputation  for  the  efflt^acy  of  its  watern  in  certain 
(bno8  of  nervous  diseases.  Hygeia  Springs,  supplying  the  batb  houses 
at  the  hotel  in  the  flower  Geyser  Basin,  ciiriies  .3  of  a  grain  of  sodinm 
areeniate  to  the  gallon.  The  Yellowxtoue  Park  waters,  while  they 
cvry  somewhat  less  arsenic  than  those  of  La  Boarboule,  greatly  excel 
the-  latter  in  their  enormous  overflow.  It  is  stated  that  the  entire 
discharge  from  the  springs  of  La  Btuirboule,  amounts  to  1,600  gallons 
per  minute,  Tlie  amount  of  hot  wat4>r  brought  to  the  surface  by  the 
hot  springs  throughout  the  park  is  by  no  means  easily  determined, 
■Ithough  during  the  progress  of  onr  investigations  we  hope  to  make 
HD  approximate  estimate.  Some  idea  of  the  amtnint  of  hot  water 
brought  to  the  surface  and  carried  off  by  the  great  drainage  channels 
nay  be  formed  at  the  Midway  Basin.  According  to  the  most  accurate 
meaBm-emcntB  which  could  be  mode,  the  discharge  from  the  caldron 
of  the  Excelsior  Geyser  into  the  Firehole  Biver  during  the  past  sea- 
son amounted  to  4,400  gallons  of  boiling  water  per  niiinite,  and  there 
19  no  evidence  that  this  amount  has  varied  within  the  last  two  or  three 
years.  The  sample  of  the  Excelsior  Geyser  water  collected  August 
25,1884,  yielde<l  ,19  grains  of  sodium  arseuiate  to  the  gallon.  It 
impossible  to  say  as  yet  what  curative  properties  these  i^wk  wat 
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may  possens  in  alleriatiug  the  ills  of  mankind.  Xothiog  bnt  aa 
est«Dded  ezperieiiee  ander  pro]>er  medical  saperrision  can  determiDe. 
I  may  Bay  that  no  liot  springs  with  vhich  I  am  acqnainted  prove  bo 
delightful  for  bathing  purposes  and  ao  agreeable  in  their  action  npon 
the  Hkia. 

Changes  modiQing  the  sarface  features  of  the  park  in  recent  times 
are  mainly  those  brooght  about  by  the  tilling  np  witli  detrital  material 
from  the  mountains,  the  valleys  and  depresnious  worn  out  by  glacial  ice, 
and  those  produced  by  the  prevailiug  climatic  conditions.  Between  the 
park  country  and  what  is  known  as  the  arid  regions  of  the  West  tlisre 
is  the  greatest  possible  contract.  Across  the  park  plateau  aud  the 
Absaroka  range  the  country  presents  a  continuous  mountain  mast 
75  miles  in  width,  with  an  average  elevation  unsurpassed  by  any  area 
of  equal  extent  in  the  northern  Bocky  Mountains.  It  is  exceptionally 
situated  to  collect  the  moistore-laden  clouds,  which  coming  from  the 
southwest  precipitate  nmmeuse  quantities  of  snow  and  rain  upon  the 
cooled  table-land  and  neighboring  mountains.  The  climate  in  many 
respects  is  quite  unlike  that  found  in  the  adjacent  country,  as  is 
shown  by  the  meteoiolngical  records,  the  amonnt  of  snow  and  rainfall 
being  higher,  and  the  mean  annual  temperature  lower.  Kain  stontis 
occur  frequently  throughout  the  summer,  while  snow  is  quite  likely  to 
fall  any  time  between  September  and  May.  Protected  by  the  foresta 
the  deep  snows  of  winter  lie  upon  tlie  plateau  well  into  mid-summer, 
while  at  still  higher  altitudes,  in  sheltered  places,  it  remains  throughout 
the  year.  By  its  topographical  structure  the  park  is  designed  by 
nature  as  a  reservoir  for  receiving,  storing,  and  distributing  an  excep- 
tional water  snpply,  unexcelled  by  any  area  near  the  head- waters  of  the 
great  continental  rivers.  The  Continental  Divide,  separating  the 
waters  of  the  Atlantic  from  tbo^e  of  the  Pacifi<!,  crosses  the  park 
plateau  from  southeast  to  northwest.  On  both  sides  of  this  divide  tie 
several  large  bodies  of  water  wbii^h  form  so  marked  a  future  in  tlie 
scenery  of  the  plateau  that  the  region  lias  been  designated  the  lake 
country  of  the  park.  Yellowstone  Lake,  the  largest  lake  in  Sorth 
America  at  this  altitude  (7,740  feet)  and  one  of  the  largest  in  the  world 
at  so  high  an  elevation  above  KOi-level,  presents  a  superficial  area  of 
139  square  miles,  and  a  shore-line  of  nearly  100  miles.  From  measure- 
ments made  near  the  outlet  of  the  lake  in  September,  ISSC,  the  driest 
period  of  the  year,  the  discharge  was  found  to  be  1,525  cubic  feet  per 
second,  or  about  34,000,000  imi)er)al  gallons  i)er  hour. 

At  the  same  time  all  the  principal  lakes  and  streams  in  the  park 
were  carefully  gauged.  Dr.  William  Hallock,  who  undertook  this  work, 
estimated  that  tlie  amount  of  water  ruiniing  into  tlie  jiark  and  leaving 
it  by  the  Yellowstone,  Gallatin,  Madison,  Snake,  and  Falls  rivers,  the 
five  main  drainage  channels,  would  be  equivalent  to  a  stream  5  feet 
deep,  190  feet  wide,  with  a  current  of  3  miles  per  hour,  and  that  over 
au  area  of  4,000  square  mites  the  minimum  discbarge  was  equal  t«  1 
D.D.t.zeabvCk-)Oglc 
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cubic  fbot  per  second  |>er  square  mile.  For  tlie  preservation  and  regu- 
lation of  this  water  sapply  the  forest,  wlti<!li  covers  tlie  mountains, 
ralleys,  and  table-lands,  and  everywbei'e  borders  upon  the  lake  shores, 
is  of  iuestrmable  value.  Of  the  i>reseDt  park  area  about  84  per  cent  is 
Ibreat-ciad,  almost  wholly  made  up  of  <-oniferouK  tre^s.  The  timber  jh 
by  DO  means  of  the  tiuest  quality,  but  for  t)ic  purpose  of  water  prot«(!- 
tku  it  meets  every  imssible  requirement.  Much  has  been  said  of  httv 
years  by  scientiAc  and  experienced  persons  of  the  great  necessity  of 
preserving  the  forests  near  the  sources  of  our  great  rivers.  It  is  mainly 
fof  the  forest  protection  that  the  proposed  enlargement  is  demaudefl 
bjtlie  public  welfare.  In  my  opinion  uo  region  in  the  Rocky  Mount- 
ami)  is  so  admirably  adapted  for  a  forest  reservation  as  the  Yellowstone 
National  Park. 
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SOAPING  (tEYSEBS.- 


By  Arnold  Hague, 

I'.  X  (ItologijMl  Survey. 


AttbeBaffalo  meeting,  October,  1888,  l>r.  Raymond  presented  a 
p^r  entitled  "  Soaping  Geysers,"  in  which  he  trailed  attention  to  the 
aseof  soap  by  tourists  to  canse  eruptions  of  several  of  tlie  well-known 
geysers  In  the  Yellowstone  Park.  Incorporateil  in  this  paper  appears 
a  communication  ret^ived  from  me,  written  from  camp  in  the  park,  in 
reply  to  some  inquiries  on  the  subject.  The  letter  discusised  somewhat 
briefly  the  means  employed  by  visitors  to  the  park  to  hasten  the  erup- 
tions from  liot  springs  and  reservoirs  of  hot  water,  wliieh  remain  dor- 
mant for  days,  or  even  weeks  or  months,  at  a  temperature  near  the 
boiling-point,  without  any  display  of  geyser-wtion.  As  the  paper  has 
railed  forth  considerable  comment,  I  desire  to  elucidate  one  or  two 
poiiitH  in  relation  u>  the  temperature  of  the  springs,  and  U*  answer 
wm  inquiries  about  the  composition  of  the  thennal  waters. 

Ipr  the  Hammer  of  1885,  a  Chinaman,  employed  ae  a  laundryman  for 
th  aevoinmodation  of  the  tourists  at  the  Upper  Geyser  Basin,  aeci- 
rieotally  discovered,  much  to  liis  amazement,  that  soap  thrown  into  the 
Tiring  from  which  he  was  accustomed  to  draw  his  supply  of  water 
pmiaced  an  eruption  in  every  way  similar  to  the  ai'tual  workings  of 
a  geyser.  Tonrists,  with  limited  time  at  their  command,  who  had 
travelled  thousands  of  miles  to  look  ui>on  the  wonders  of  the  Yellow- 
iitone,  soon  fell  into  the  way  of  coaxing  the  laundryman's  spring  into 
action,  to  partly  compensate  them  for  their  sore  disappointment  in 
witnessing  only  the  periodical  eruptions  of  Old  Faithful.  Successful 
attempts  upon  this  spring  soon  led  to  various  endeavors  to  accelerate 
action  in  the  dormant  and  more  famous  geysers.  In  a  short  time,  so 
popular  became  the  desire  to  stimulate  geysers  in  this  way,  that  the 
park  imthorities  were  compelled  to  enforce  rigidly  the  rule  against 
ihrowing  objects  of  auy  kind  into  the  springs. 

In  counection  with  a  thorough  investigation  of  the  thermal  waters 
of  the  Yellowstone  Park  and  tlie  phenomena  of  the  geyeis,  I  under- 

'  Read  at  New  York  loeetlug  of  Ibc  Amtrrican  lostitiite  uf  Mioing  Knginfent, 
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took  a  uuniber  of  experiineiits  tu  ascertuiu  the  action  of  noap  upon  the 
waters  and  to  dettinaine,  if  possible,  those  pliyaical  conditions  of 
vai'ious  pools  and  reservoirs  whicli  permitted  the  hastening  of  an  erup- 
tion by  the  employment  of  any  artificial  methods.  This  investigatiou, 
conducted  from  time  to  time,  as  opportnnity  ofl'ered,  throughout  the 
field-seasoii  of  188.5,  included  experiments  iiimn  the  geysers  and  hut 
springs  of  the  Upper,  Lower,  and  Norris  geyser  basins.  Tbe  results 
provetl,  beyond  all  question,  that  geyser-action  could  be  forced  in  a 
number  of  ways,  but  most  conveiiieutly-by  the  application  of  soap.  . 
The  greater  part  of  the  more  powerful  geysers  undergo  no  perceptihle  ■ 
change  with  a  moderate  use  of  soap,  although  several  of  them  may, 
under  favorable  physical  conditions,  be  thrown  at  times  into  violent  i 
agitation.  In  most  of  the  oxporimeuts,  Lewis's  concentrated  lye,  put 
up  in  one-half  iionnd  cans  for  laundry  purposes,  was  employed.  Eacli 
package  fhrnished  a  strong  alkali,  equivalent  to  several  l>ars  of  eoap- 
lu  this  form  alkali  is  more  easily  handled  than  in  bars  of  soap,  more 
especiuUy  where  it  is  required  to  produce  a  viscous  fluid  in  the  larger 
reservoirs;  and,  in  conducting  a  series  of  experiments  for  comparativi> 
puriMtses,  it  seemed  l)e8t,  in  most  instances,  to  employ  the  same  agent 
to  bring  about  the  desired  results. 

Old  Faithful,  tbe  model  geyser  of  the  park,  exbibits  such  marked 
regularity  in  its  workings  that  attem]>ts  to  hasteu  its  action  appear 
futile.  Tbe  interval  between  eruptions  is  about  sixty-five  minutes, 
and  rarely  excee<ls  the  extreme  limits  of  fifty-seven  and  seventy-two 
minutes.  After  an  eruption  of  Old  Faithful,  tbe  reservoir  fills  up 
gradually;  the  water  steadily  increases  iu  temperature;  and  conditiocs 
favorable  to  another  eruption  are  produced  under  circumstances  pre- 
cisely similar  to  those  which  have  brought  about  tbe  displays  for  tbe 
past  eighteen  years,  or  as  far  back  as  we  have  authentic  rec«)rd8.  The 
few  experiments  which  have  been  maile  upon  Old  Faithful  are  insuffi 
cient  to  aftVtrd  any  results  beaiiiig  on  the  question ;  but  it  seems  proba- 
ble that  soon  after  the  water  attains  the  necessary  temperature  an 
eruption  takes  place. 

Of  all  the  powerful  geysers  in  tbe  park,  tbe  Bee-Hive  offers  the 
most  favorable  conditions  for  producing  an  eruption  by  artificial  means, 
all  tbe  more  striking  because  tbe  natural  displays  are  so  fitful  tha' 
they  can  not  be  predicted  with  any  degree  of  certainty.  Observatione, 
extending  over  a  period  of  several  years,  have  tailed  to  determine  any 
established  law  of  periodicity  for  tlie  Bee-Hive,  even  for  tlu^  or  four 
ex>nsecutive  months, although  they  indicate  that  some  relationship  in»J 
exist  between  its  display  and  those  of  the  famous  Giantess.  Frequently 
the  Bee-Hive  will  jiliiy  several  times  a  day  and  then  l>ecome  dormant, 
showing  no  signs  of  activity  for  weeks  and  months,  although  the  v»ttt 
may  stand  above  the  boiling-point  the  greater  part  of  tbe  time.  Tli^ 
name  Bee-llive  was  suggested  by  the  symmetry  of  the  cone  built 
around  the  vent.     It  rises  about  4  feet  above  tbe  sloping  mound  of 
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gej«6rite,  and  in  cntsB-sectiuu  nieasurei^  about  3  feet  at  the  top,  while  at 
tile  bottom  of  the  <-oiie  the  vent  is  leas  tliini  10  inches  in  width.  From 
ilif  top  of  thiH  narrow  vi^iit  it  is  only  poRsihle  t<i  ttink  a  weight  IT  feet 
before  Htrikiiig  a  projecting  It^lge,  which  interfen^s  with  all  examina- 
tiunof  the  gnmnd  l>elow.  The  contitjiiit  boiling  and  bubbling  of  the 
wa(«r,  the  irrcgulurity  of  its  action,  and  the  convenient  location  of  the 
gej'Rer,  within  an  easy  walk  from  the  hot«l,  make  iittemptH  to  iu^ccler- 
Mv  the  ernptionH  of  the  Bee-Hive  most  attra^-tive  to  tourists. 

Ill  most  instances  such  efforts  are  futih^ ;  yet  Hiiwess  does  so  fre- 
iiueiitly  reward  the  astonished  traveller  that,  unless  the  geyser  were 
carefolly  watched  by  the  authorities,  attempts  would  be  made  daily 
ibroaghuut  the  season.  If  the  conditions  are  favorable  to  an  eruption, 
ituually  takes  place  in  &om  ten  to  twenty-five  minntesafter  the  addi- 
uonof  laundry  soap  or  lye.  It  is  doubtful  if  more  tliau  two  eruptions 
o{  tfa«  Bee-Hive  have  ever  been  jiroduced  on  the  same  day  by  artlH- 
rial  ueaus,  although  I  know  of  no  reason,  basi-d  uiton  the  structure 
of  ttie  geyser,  why  more  displays  might  not  be  obtained,  for  the 
Kxervoir  and  vent  fill  up  with  boiling  water  very  rapidly  after  eiujh 
emption. 

Although  the  Giantess  is  situated  only  400  feet  from  the  Bee- 
ilire,  these  two  differ  in  surface  and  under-ground  structure  and 
ntode  of  action  as  widely  as  any  two  of  the  more  proininent  geysers 
of  die  Park.  Around  the  (liantess  no  cone  or  mound  has  formed. 
Tbe  broad  basin  is  only  partially  rimmed  in  by  a  narrow  fringe 
of  ailiceons  sinter,  rising  above  and  extemliiig  out  over  the  deep 
bine  water.  At  the  surface  this  basin  inensnn-s  about  15  to  20  feet 
invidtli  by  20  to  30  feet  in  length.  It  has  a  funnel-shaped  caldron, 
*'  fcet  in  depth,  euding  in  a  vertical  vent  or  neck,  12  feet  deep, 
UtriHigh  wliicli  a  sounding- lead  may  be  dropped  into  a  second  reservoir, 
iMtting  a  projecting  ledge  or  obstruction  of  some  kind,  61  feet  below 
ilirgarface.  Alter  an  outburst  of  the  Giantess,  the  basin,  which  lias 
b^en  completely  emptied  of  its  water,  gradually  tills  again  to  the 
top ;  and,  for  days  before  another  entption,  a  st#ady  stream  of  hot 
■ater  overflows  the  brim.  The  intervals  between  the  eruptions  of  the 
liimtess  vary  from  twehe  to  twenty  days,  and  the  displays  last  sev- 
^  hours,  being  unsurpassed  for  violence  and  grandeur  by  any  geyser 
iuthe  Upi>er  Basin.  Artificial  means  have  never  been  successful  in 
briugin);  this  geyser  into  action,  although,  for  days  before  :in  emp- 
'ion,  it  is  an  easy  matter  to  cause  an  agitation  of  the  water  by  throw- 
ing into  the  baain  small  pieces  of  sinter,  or  to  proiluce  a  boiling  on 
ihe  surface,  lasting  several  uiinntes,  by  simply  stirring  the  water  with 
iHtick. 

The  Giant,  one  of  the  most  violent  of  the  geysers  in  the  Upper 
Hftsin.  more  closely  resembles  the  Bee-Hive  than  any  other  of  those 
^luDg  the  Firehole  Uiver.  It  hiis  built  up  a  cone  10  feet  in  height, 
one  aide  of  which  has  been  portly  broken  down  by  some  eruption  more 
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violent  than  any  witnessed  at  the  preHfiot  day.  Tbroagh  this  notcbed 
mde,  steam  and  broken  jets  of  vat«r  are  constantly  emitted ;  and  ou 
this  account  but  little  examination  bat*  lieen  mjide  of  tlie  uDdefgnmud 
reservoirs  and  vents.  The  Giant  is  (itfal  in  its  action,  at  times  playing 
with  voiiKiderable  regularity  eveiy  fourteen  days,  and  at  other  tiiDfa 
lying  dormant  for  nearly  a  year.  I  have  no  ]>03itive  knowledge  that 
an  ernption  of  the  Giant  has  ever  been  produced  by  any  other  than 
natural  causes.  At  tlie  time  of  my  experiments  no  eruption  of  tbv 
Giant  had  taken  place  for  several  mouths,  although  the  waterway 
constantly  agitated,  so  much  so  that  it  was  quite  impossible  to  exam- 
ine the  vent  with  any  satisfactory  result?.  The  only  effect  prodowd 
by  the  application  of  tyt?  was  additional  height  to  the  column  of  wnlfr 
thrown  oat  and  a  decided  increase  in  the  thumping  and  violeoceuf 
the  boiling. 

In  the  Lower  Basin,  the  Fountain  lias  been  more  carefully  studied 
than  the  other  geysers  ;  and,  its  action  and  periodicity  of  eruptionn 
bavins  been  fairly  well  ascertained,  it  afforded  the  most  favorable 
(^>nditinn>i  for  observing  the  action  of  soap  and  lye  upon  the  waton. 
In  its  general  structure  the  Fountain  belongs  to  the  tyi>e  of  tlie 
(liantefis,  having  a  f\innel-shape<l  caldron  which,  long  before  au 
ernption,  overflows  into  an  adjoining  basin.  At  the  time  of  myei- 
lieriments  u|>on  the  Fountain,  the  intervals  between  eruptions  lasted 
aboat  four  hours.  This  iut^'rval  allowed  sufficient  time  to  noteauj 
changes  which  might  take  place.  My  own  experimentH  with  lyr 
yielded  no  |>ositive  results;  although  it  seemed  highly  probabh' tiut 
action  inigbt  be  hastened  by  the  application  of  soap  or  lye  just  heiof 
the  time  for  an  eruption,  or  when,  for  some  cause,  the  eruption  wan 
overdue.  1  preferred  to  make  the  attempt  to  bring  about  an  explosion 
before  the  usual  time,  only  waiting  until  the  water  in  the  pool  hwl 
nearly  reached  the  tMiilingiKtint.  AH  experiment])  faileil.  The  pre 
vious  ye-ftf,  when  wishing  to  produce  action  for  the  pur[>ose  of  pliotog- 
■iiphy,  1  was  enabled  to  accomplish  the  desired  result  by  vigoruusl}' 
stiiTing  with  a  slender  pole,  the  water  near  the  top  of  the  vent  con- 
nct'ting  with  the  lower  i-eservoir.  In  this  instance,  it  should  be  said, 
the  usual  interval  of  time  iH'tween  eruptions  had  long  since  passed; 
the  geyser  was,  so  far  as  time  was  concerned,  a  half-hour  ovenln& 
My  opinion  now  is  that  the  experiments  with  lye  failed  because  the 
temperature  had  scarcely  renclmt  the  boiling-point. 

The  Monarch,  in  the  Xorris  Itasin,  is  quite  unlike  those  alread; 
(lescriltei),  and  affonls  evidence  of  being  a  much  newer  geyser.  It  is 
rormet)  by  two  ronvergent  flssures.  on  the  line  of  a  oarrow  aeam  in  the 
rhyolite,  probably  eoniing  together  below  the  8nrfac«.  The  main  veut 
measures  about  :M  feet  in  length  and.  at  the  8urfiu>e,  3  f«et  in  wldtb. 
But  slight  iucrnstati4U)  is  found  around  the  vent,  the  cooditioas  not 
Iteing  favorable  to  de)HKsitioii.  In  this  narrow  fissure  the  water,  which 
urdiuitrity  stands  about  I't  li<«t  below  the  suTfiM.-e,  constantly  sargM 
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and  boils,  6x(«pt  immediately  af1»r  ao  ernptioii.  The  iDtervals  be- 
tween eruptions  vary  somewhat  from  year  to  year;  but  at  the  time  of 
them  experiments  the  action  was  fairly  regular,  the  geyser  playing 
every  four  hours.  I  was  saccessful  in  obtaining  an  eruption  quite  eqnal 
to  the  Datnral  displays,  which  throw  a  column  of  water  50  feet  into 
the  air.  Here  at  the  Monarch  there  is  no  surface  reservoir,  and  the 
nsnow  fissare,  filled  with  loose  blocks  of  rocks  around  which  the 
vater  is  io  constant  agitation,  preTents  all  measurements  of  depth. 

The  results  of  the  many  experiments,  not  only  upon  active  geysers 
bot  upon  a  large  number  of  hot  springs,  determine  fairly  well  the 
eeaentiat  oonditions  which  render  it  possible  to  bring  about  geyser 
action  by  artificial  means.  Negative  results  are  frequently  as  valuable 
factiiis  inquiry  as  experiments  yielding  imposing  displays. 

Oatside  of  a  few  exceptional  instances,  which  could  not  be  repeated, 
aad  in  which  action  was  probably  only  anticipated  by  a  few  minutes 
in  time,  geyser  eruptions  produced  by  soap  or  alkali  appear  to  demand 
two  essential  requirements:  First,  the  surface  caldron  or  reservoir 
sbonld  hold  bnt  a  small  amount  of  water,  exposing  only  a  limited  area 
tA  the  atmosphere;  second,  the  water  should  stand  at  or  above  the 
boiliug  point  of  water  for  the  altitude  of  the  geyser  basin  above  sea 
tord.  The  principal  fiictor  which  makes  it  possible  to  cause  an 
tniption  artificially  is,  T  think,  the  super-heated  and  unstable  condi- 
tion of  the  surface  waters.  Many  of  the  geysers  and  hot  springs  pre- 
sent singular  phenomena  of  pools  of  water  heated  above  the  theoret- 
ical boiling  point,  and,  uutess  diHturbed,  fire<|uent1y  remain  so  for 
nwy  days  without  exhibiting  any  signs  of  ebullition.  It  may  not  be 
MSjr  to  describe  accurately  these  super-heated  waters;  but  anyone 
^  ha.s  studied  the  hot  springs  and  pools  in  the  Park  and  carefully 
noted  the  temperatures,  quickly  learns  to  recognize  the  peculiar  ap. 
parance  of  these  basiuH  when  heated  above  the  boiling  point.  They 
lookaaif  they  were  "ready  to  boil,"  except  that  the  aurfiice  remaitis 
piaeid,  only  interrupted  by  numerous  steam-bubble->s,  rising  through 
tin  water  from  below  aud  bursting  <|nietly  upon  rearhiug  the  surfai'e. 
Mareet,  the  French  physicist,  has  specially  investigated  the  phenom- 
^oaof  sQper-beated  waters,  aud  has  suco'ceded  in  attaining  a  tem^iera- 
toreof  105°  O.  before  ebullition.  Superheated  waters  in  nature,  how- 
«■»,  appear  to  have  been  scarcely  reirogitized,  except  during  the  prog- 
twaof  the  work  in  the  Yellowstone  Park,  in  connection  with  a  study 
<if  the  geysers.  The  altitudes  of  the  geyser  basins  above  sen-level 
l>ave  been  ascertained  by  long  series  of  barometric  reiidiiigs,  contin- 
«d  through  several  seasons.  In  conducting  a  series  of  observtitions 
hi»n  the  boiling  points  of  the  thermal  waters  in  tbe  Park,  Dr.  Wil- 
iam  Hallock,  who  had  «;harge  of  this  special  investigation,  deter- 
miued  the  theoretical  boiling-point  by  noting  the  mean  daily  readings 
of  tbe  mercurial  column.  The  exa(;t  boiling-point  of  a  pure  sui'tace- 
"niter,  obtained  from  a  neighboring  mountain  stream  and  the  boiling- 
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point  of  the  thermal  waters  from  the  spriaga,  were  determined  from 
actual  exi)eriiiieuts  by  heating  over  a  fire,  employing  every  possible 
precaation  tu  avoid  sources  of  error.  Surface  waters  aad  deep-seated 
mineral  waters  gave  the  same  results,  and  coincided  with  the  catca- 
lat«d  boiling-point  at  this  altitude.  Hundreds  of  observations  have 
been  earefnlly  taken  where  the  waters  in  the  active  and  running 
springK  boiled  at  temperatures  between  198°  and  199°  F. 

As  will  be  shown  later  in  this  paper,  tlie  thermal  waters  are  sola, 
tions  of  mineral  matter  too  dilute  to  be  affected  to  any  appreciable 
extent  as  regards  their  boiliug-jioint  by  their  dissolved  contents.  The 
theoretical  boiling- point  for  the  springs  and  pools  in  the  Upper  (ieyser 
Baain  may  be  taken  at  92.5°  (3.  (198.5  F.).  In  many  of  the  large  <al 
drons,  where  the  vater  remains  <]uiet,  a  temi>erature  has  been  record«<l 
of  94°  C.  (201.2°  F.)  without  the  usual  phenomena  of  boiling.  This 
gives  a  body  of  sui^r-heated  water,  with  a  temi)erature  at  the  surface 
1.5°  C.  (^.7°  F.)  above  the  point  necessary  to  produce  explosive  action. 
ThermomcteFs  plunged  into  the  basins  show  slightly  varying  tempera- 
tares,  dependent  upon  their  position  in  the  basin.  They  indicate  the 
existence  of  numerous  currents,  and  a  very  unstable  equilibrium  of 
the  heated  waters,  which  are  liable,  under  slight  changes,  to  bm^t 
forth  with  more  or  less  violence.  It  in  under  these  conditions  that  geyser 
action  can  be  ac(^ele^ated  by  artidcial  means.  If  into  one  of  the»' 
supttr- heater  I  basins  a  handful  of  sinter  pebbles  be  thrown,  or  the  sur- 
fa4^e  of  tlio  water  be  agit^ited  by  the  rapid  motion  of  a  stick  or  cane, 
or  even  by  lashing  with  a  n)pe,  a  liberation  of  steam  ensues.  This  is 
liable  to  be  followed  by  a  long  boiling  of  water  in  tlie  pool,  whicli  in 
turn  may  lead  to  geyser  ai^tion.  There  is  some  reason  to  believe  that, 
at  least  in  one  instance,  an  eruption  has  been  brought  about  by  a  violent 
but  temiKtrary  gust  of  wind,  which  either  rutUed  the  water  or  disturbed 
the  e([uilibrium  of  the  pool,  and  changed  momentarily  the  atmospberiu 
presHure. 

In  Iceland  travellers  have  lung  beeu  nccustomed  to  throw  into  the 
geysers  turf  and  soft  earth  from  the  bogs  ;uid  meadows  which  abonixl 
in  the  neighborhood,  the  offex^t  produced  being  much  the  same  as  tliat 
of  sinter  pebbles  and  gravel  upon  the  geysers  in  the  National  Park. 
Ho  well  was  this  understood  that  at  one  time  a  peastuit  living  near  lti« 
Iceland  locality  licpt  a  slmvel  solely  for  the  accommodation  of  thot« 
visiting  the  geysers. 

In  my  lutt^-r  U>  l>r.  Uaynioiul  1  mention  the  curious  fact  that  the 
Laundry  man's  Spring,  now  known  as  the  Chinaman,  in  which  geyser 
action  may  most  easily  be  pnKluce<l  by  artificial  means,  has  never  been 
regarded  by  the  Geological  Survey  its  anything  but  a  hot  spring,  ami 
nu  one  has  over  seen  it  in  action  without  the  application  of  soap,  ex- 
cept in  one  instiuice,  when  it  was  made  to  play  to  a  height  of  20  feel 
after  stirring  it  vigoniusly  with  a  pine  bough  for  nearly  ten  minutes. 
In  our  records  it  is  simply  known  as  a  spring. 
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If  Boap  or  lye  in  tbrowu  into  most  of  tlie  small  pools,  a  visoons  ^nid 
ja  formed;  ami  viscosity  is,  I  think,  the  principal  cause  in  hastening 
geyser  action.  Viscosity  must  ten<l  to  the  retention  of  steam  within 
ihe  basin,  and,  as  in  the  case  of  the  NU|>er-heuted  waters,  where  the 
tempemture  stands  at  of  above  the  boiling  point,  explosive  liberation 
must  follow.  All  alkaline  solutions,  whether  in  the  laboratory  or  in 
nature,  exhibit,  by  reason  of  this  viscosity,  a  tendency  to  bump  and 
boil  irregularly.  Viscosity  in  these  hot  springs  must  also  tend  to  the 
formation  of  bubbles  and  foam  when  the  steam  rises  to  the  surface, 
and  this  in  torn  aids  to  bring  about  the  explosive  action,  followed  by  a 
relief  of  pressure,  and  thus  to  hasten  the  final  and  more  powerful  dis- 
play. Of  course  relief  of  pressure  of  the  superincumbent  waters  upon 
the  column  of  water  below  the  surface  basin  is  essential  to  all  emptive 
Mtioii.  These  conditions,  it  seems  to  me,  are  pnrely  physical.  Un- 
doubtedly the  fatty  substances  contained  iii  soap  aid  the  alkali  in  ren- 
dering the  water  viscous.  On  the  other  hand,  when  concentrated  lye 
is  used  it  acts  with  greater  energy  and  furnishes  a  viscous  fluid,  where 
iwap  would  yield  only  surface  suds  insufficient  to  accomplish  any  phe- 
nomenal display. 

It  is  well  known  tliat  saturated  solutions  of  mineral  substances 
RUM  the  boiling-point  very  considerably,  the  temperature  having  been 
iletennined  for  many  of  the  alkaUne  salts.  In  general,  1  believe  the 
boiling-point  increases  in  proportion  to  the  amount  of  salt  held  in  solu- 
tion. Aetnal  tests  have  shown  that  the  normal  boiling-point  of  sili- 
ceous waters  in  the  Park  does  not  differ  appreciably  from  the  ordinary 
snriace  waters,  mainly,  I  8up[>ose,  because  they  ai'C  extremely  dilute 
wiations, 

Tbe  amount  of  lye  required  to  prodn(!e  a  sufiSciently  viscous  condi- 
tion of  the  waters  increases  hut  slightly  the  percentage  of  mineral 
matter  held  in  solution. 

All  the  waters  of  the  principal  geyser  basins  present  t)ie  closest 
resemblance  in  chemical  composition,  and,  for  the  purposes  of  this 
paper,  may  be  considered  as  identical  in  their  constituents.  They  have 
a  eommon  origin,  being,  for  the  most  part,  surface  waters  which  have 
percolated  downward  for  a  sufficient  distance  to  come  in  contact  with 
large  volumes  of  steam  ascending  from  still  greater  depths.  The  min- 
eral contents  of  the  hot  springs  aie  mainly  derived  from  the  acid  lavas 
af  the  Park  plateau,  as  the  result  of  the  action  of  the  usi^ending  steam 
and  snper-heated  waters  upon  the  rocks  below.  These  thermal  waters 
are  essentially  siliceous  alkaline  water,  carrying  the  snrne  constituents 
in  mmewhat  varying  Quantities,  but  always  dilute  solutions,  never  ex- 
iredingtwo  grams  of  mineral  matter  per  kilogram  of  water.  When 
told  they  are  potable  waters,  for  the  most  part  slightly  alkaline  to  the 
Easte,  and  probably  wholesome  enough,  unless  taken  daily  foi  a  long 
period  of  time. 

The  following  analyses  of  tlii-ee  geyser  waters,  selected  trom  the 
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lIplHsr,  Ijftwer,  and  NorriB  geyser  basins,  may  serve  to  show  tlie  com- 
|MiHJtioii  (if  all  of  tliein,  the  differences  which  exist  being  equally  veil 
Diark«d  in  the  analyses  of  any  two  waters  from  the  same  geyser  basin. 
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The  differences  of  tompemture  shown  in  these  three  waters  are 
Himply  due  to  the  varying  interval  between  the  time  of  colIe<^tion  and 
Iht;  last  preceding  ernption  of  the  geyser.  In  the  case  of  the  FoantaJu, 
the  water  rises  in  a  large  open  biisin,  which  slowly  fills  up,  iocreaaug 
it.  t«mperature  until  the  time  of  the  eruption,  the  form  of  the  basin  per- 
mitting the  collection  of  the  water  two  or  three  hours  before  the  next 
outburst.  In  the  ea-se  of  the  Fearless  the  surface  reservoir  is  a  shallow, 
Kiuircr- shaped  basin,  int^i  wliich  ihe  water  seldom  rises  before  attaining 
n  tcmi>erature  near  the  boiling-poii.t.  At  the  Bee-Hive  the  water  only 
re^siclies  a  Hufflciently  high  level  to  permit  of  its  collection  without 
difficulty  when  the  temperature  stands  at  or  near  the  boiling-[)oiiiL 

Dr.  Itaymo.id  has  made  the  suggestion  that  the  addition  of  caustic 
alkali  would  possibly  precipitate  some  of  the  mineral  ingredients  found 
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ID  these  watem,  fJiereby  cbaiigiiig  tUeir  clieniieal  voniiiositiun  auffl- 
CHsutly  to  affect  the  point  of  ebullition.  At  the  Hiune  time  he  teuiaxks 
that  the  geyser  waters  are  probably  too  dilute  HolutioiiH  to  be  niucli 
influenced  by  such  additious.  Auyoue  wbo  glances  at  the  aualyse»  of 
the  vatere  of  the  Bee  Hire,  Fountain,  and  Fearless  must  see,  I  think, 
tbat  they  are  uot  only  too  dilute  to  undergo  any  marked  chauge  of 
temperatare,  bnt  that  the  uiiuentl  constituents  consist  mainly  of  the 
larbouates  luid  dilorides  of  the  alkalis,  associated  with  a  relatively 
largeamount  of  free  silica  which  would  remain  unacted  upon  bycaustie 
alkaU.  There  is  nothing  in  the  waters  to  be  thrown  down  by  the 
iidditioQ  of  alkali  or  permit  any  chemical  c^imbinations  to  be  formed 
by  the  addition  of  a  small  amount  of  soap.  The  desire  of  tourists  to 
'■Boap  a  geyser"  during  their  trip  through  the  Park  giows  annually 
'ith  the  increase  of  travel,  no  much  so  that  there  ts  a  steaily  demaud 
for  the  loilet  8oa]>  of  the  hotels.  If  visitors  coultl  have  their  way,  the 
i*eaatiful  blue  springs  and  basins  of  the  geysers  would  be  "in  tbu 
ia(U"  constantly  throughout  the  season.  Throwing  anything  into  the 
liot  springs  is  now  prohibiteit  by  the  Governnieut  authorities.  It  is 
i-ertaiuly  detrimi;ntal  to  the  preservation  of  the  geysi^rs,  and  the 
practice  cao  not  be  too  strongly  condemned  by'ull  interested  in  the 
Natioual  Reservation. 
H.  Mis.  114 11 
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By  <i.  K.  OiLBEET. 


UtroductiOH. — For  a  decadv  atteutiou  Iiiw  been  tiirnt'd  to  the  cou- 
tineDts.  Throiigli  the  distribiition  of  auiinaln  and  plants  Wallace  haa 
studied  the  liistory  of  the  former  i-oiiDection  aud  diacoimcction  of  laud 
areas.  Theories  of  inteichaDge  of  laud  aud  wat^r  have  been  propounded 
b;Saess  and  Blytt.  Uy  meanM  of  gendetie  data  Helmert  has  discussed 
the  broad  relatiourt  of  the  geoid  Ut  the  theoretic  spheroid.  Darwin  has 
wiDputed  tiie  strength  of  terrestrial  material  necessary  to  sustain  the 
i-uutineut^l  domes,  'lames  Geikie,  tieating  nominally  of  coast  lines, 
fans  considereil  the  shifting  relations  of  laud  aud  sea,  aud  a  half  score 
i>f  able  writers  have  debated  the  (juestion  of  continental  i)ermaneuce. 
The  American  Society  of  Natunilists,  now  holdiug  its  annual  meeting 
at  Princeton,  N.  .1.,  devoted  yesterday's  session  to  the  consideration  of 
mb  evidences  of  change  in  the  geography  of  the  American  continent 
a«ite  contained  in  the  distribntion  of  animals  and  plants.  The  inter- 
(vHitiDeutal  congresses  auxiliary  to  the  World's  Fair  next  summer  are 
t"  be  devoteil  to  the  discnssion  of  continental  and  inter-continental 
tbeines;  and  a  committee,  at  the  bead  of  which  stands  one  of  ourvice- 
prwideuts,  iuvites  the  geologists  of  the  world  to  assemble  for  the  con- 
»ideration  of  those  broader  questions  of  earth  structure  and  earth  history 
vhich  affect  more  than  one  hemisphere.  This  occasion,  too,  in  which, 
after  three  years'  sojourn  in  the  bind  of  the  raccoon  and  the  o()ossum, 
we  return  to  the  land  of  the  sable  and  the  beaver,  brings  forcibly  to 
mind  the  continental  extent  of  our  society  and  its  continental  field.  It 
1^  nut  strange,  then,  that  the  continents  have  seemed  to  me  a  fitting 
themeof  which  to  speak  to  yon  to-day.  Kealizing  not  only  the  brea^Ith 
and  grandeur,  but  the  inherent  difficulty  of  the  siibject,  I  do  not  hope 
to  enlarge  the  contribution  the  decade  has  made,  nor  shall  1  attempt 
to  summarize  it;  neither  is  it  my  desire  to  anticipat<-  the  discnssions 
wf  the  World's  Fair  congress.  It  is  my  purpose  rather  to  state,  as 
I'learly  as  I  may,  some  of  the  gi-eat  unsolved  problems  which  the  con- 
linents  propound  to  the  coming  inter-continentHi  congress  of  geologists. 

•Piraidfiitial  luldresi  before  the  tieuluji'cul  SiitioCy  of  Aiuoricn;  (iilivnrril  Drcem- 
W 30, 1892.    (From  the  BnUelin  Ceoloy.  Sw. of  Jiu.,  vol.  IV,  p\>.  179-100.)  . 
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JHffcrentiation  of  continental  and  oceanic  plateaus. — It  is  oiiu  of  the 
paradoxes  of  the  subject  tbat  our  ideas  as  to  the  esseutial  character  of 
the  continents  Lave  been  greatly  modified  aod  clarified  by  the  recent 
exploration  of  the  sea.  The  work,  especially,  of  the  Ckalknger  aad 
the  Blake  in  delineating  and  sampling  the  bottom  of  the  ocean  has 
given  new  definitions,  not  only  to  the  UiTta  ^'deep  sea,"  but  also  to  the 
term  "continent,"  as  they  are  employed  by  students  of  terrestrial 
mechanics  and  of  idiy-sical'  geography.  To  the  continental  lands  are 
now  added  the  continental  shoals,  and  the  depth  of  the  deep  sea  is  no 
longer  its  sole  characteristic.  Look  for  a  moment  at  this  generalized 
profile  of  the  earth's  surface.  It  expresses  in  a  concise  way  the  rela- 
tions of  area  to  altitude  and  of  both  to  the  level  of  the  sea.  Murray,  to 
whose  generalizations  from  the  Challenger  di-edgings  and  soundings 
the  student  of  continents  owes  so  much,  has  computed,  with  the  aid 
of  the  great  body  of  modern  data,  the  areas  of  land  and  ocean  bed  con- 
taineil  between  certain  contours,  fourteen  in  number,"  and  from  his 
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figures  I  have  constructed  the  profile.  Vertical  distances  represent 
heights  and  horizontul  distances  rei>resent  terrestrial  areas.  The  full 
width  of  the  diagram  from  side  to  side  stands  for  the  entire  surface  of 
the  earth.  The  striking  features  of  the  profile  are  its  two  terraces  or 
horizontal  elements.  Two-fifths  of  the  earth'.s  area  lies  between  11,000 
and  16,000  feet  beneath  the  o<eau,  constituting  a  vast  submerged  pla- 
teau, whose  mean  altitude  is  — 11,000  feet.  This  is  the  plateau  of  tbe 
dee]»  sea.  One-fourth  of  the  earth's  area  falls  between  the  contour 
0,000  feet  above  the  ocean  and  the  contour  1,000  feet  below,  and  hasa 
mean  altitude  of  + 1,000  feet.  This  is  the  continental  plat«aa.  The  two 
plateaus  together  comprise  two-thirds  of  tiie  earth's  sur&ce,  the  re- 
maining thinl  including  the  intermediate  slopes,  tbe  areas  of  estreote 
— ''  exceptional  depth,  and  the  areas  of  extreme  and  exceptional  height- 

uMurray;   "On  tbe  heif;lit  <if  the  laud  iind  tLu  depth  i>f  the  ocesii  "  SeoltiA 
.kical  J/ttff.,  vol.  IV,  1888.  ii.  1. 
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ThnHJntbe  broadest  jwssiblc  way,  iiiid  in  ninaimcr  i)riietic'ally  iude- 
IHtodeut  of  the  distribatioii  of  IaD<l  and  water,  we  have  tlie  ocean  floor 
I'learly  differentiated  from  the  continental  plateau.  It  is  at  once  evident 
tliatforthe  discussion  of  the  greater  terrestrial  problems  connected 
with  tiie  configuration  of  the  surface,  and  especially  of  the  problems  of 
terrestrial  mechanics,  we  must  substitute  foi'  the  continents,  ns  limited 
by  roasts,  tbe  continental  plateau,  as  limited  by  the  margins  of  the 
roiitioental  shoals. 

It  does  not  follow  from  the  profile,  which,  as  1  have  said,  represeuts 
only  the  relation  of  extent  to  altitude,  that  all  districts  of  continental 
plateau  are  united  in  a  single  body,  and  in  pointoffm't  they  are  not  com- 
pletely united;  but  the  greater  bodies  are  brought  together,  and  the 
oaly  outlying  district  is  that  of  the  Antartttiu  continent.  Running  a  line 
iloug  the  edge  of  the  continental  shelf  where  a  gentle  slox>e  is  exchanged 
ix  a  Bteep  one,  and  passing  freely,  as  occasion  may  require,  from  the 
coaHt  down  to  the  line  of  1,000  fathoms,  a  continental  outline  is  pro- 
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daced  in  which  North  America  and  Eorasia  tire  united  through  the 
Bboalti  of  the  Arctic  ocean,  and  in  which  Australia  and  t)ie  greater 
islands  of  the  East  Indies  are  Joined  tosonthwestern  Asia.  Antarctica 
alnue  stands  separate,  being  parted  from  South  America  by  a  broad 
jcean  channel,  imperfectly  surveyed  as  yet,  but  believed  to  have  a  depth 
ofbetween  1,000  and  2,000  fathoms.  The  lower  plateau,  or  the  floor  of 
thp  deep  ocean,  is  less  continuous,  being  sepanitcd  by  tracts  of  moder- 
ate depth  into  tliree  great  bodies,  coinciding  approximately  with  the 
Parilir,  Atlantic,  and  Indian  oceans. 

Higidity  versus  isoatasj/. — The  first  of  our  continental  problems  refers 
to  the  conditions  under  which  the  dift'ereutiation  of  the  earth's  surface 
into  oceanic  and  continental  plateaus  is  ]>oBsib]e.  I!ow  arc  the  conti- 
nents supported!  Every  part  of  the  oceanic  plateau  sustains  the  weight 
of  the  superjacent  column  of  water.  At  the  same  level  beneath  the 
oontinental  plateau  each  nuitof  the  lithosphere  sustains  a  <'olunin  of 
wcfcboth  taller  and  densei'  than  the  column  of  water  and  weighing 
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^imnt  rhri*  riiwfc*  »<*  ronirti.  The  difliereiwe  brtweeo  the  two  pressures, 
iw  rit<>  ditOrftTirUl  [>r*;-»are.  m  aboat  12.000  pooods  to  the  square  inch, 
>Mi<1  Ml  it  teirf*:,  afr|>n<^l  D>  the  entire  area  of  the  roDtinetit^  plateau,  tu^ 
ir  rti%'o  1^  'e»rrt  and  nrf(»-H  the  oceanic  jtlateaa  upward.  R^'fening  agiiin  to 
f.h»»  i\t;n(ts$tn  iti  Fijpirc  1,  the  entire  weight  of  the  cootineatal  plntean, 
(,v-*ti„ii  fill  tUi-.trai-.k  beneath  it,  tends  to  prodaceatransfra  of  materia] 
ir>  f.ti*-  liitH^'um  trimi  htftt^iright,  resnltingin  theloweriDgof  theki^er 
(A^ttnui  Hiui  I  h<!  mi^inu  of  the  lower.  To  the  qaestion.  how  this  teudencr 
it  i-^tiiiiUtiu-lii»\,  two  tfouOTiil  answers  have  been  made:  first, that tk 
i-yiftu,  tit-iiiu  ptolld,  by  its  ri({idity  maintains  its  form:  second,  that  tfae 
Hi^ltKii.ii^  lit  wtilrrh  coiiHist  tlie  continental  plateau  and  the  nnderlrii^ 
fn.iU'iiim  <>riliii)lthriH])b(!rearo,  on  the  whole,  lighter  than  the  materiaU 
iiiitUitWuu  <Ihi  (>(!(>iin  ll<Hir,  and  that  the  difference  in  d^isityisthf 
M/iii)il<iiiii''il  of  Hid  dlll't^rence  in  vohime,  bo  that  at  some  level  horizon 
f,fl  ixiliiw  l)ii<  >tiii'l'iM-(>  tlifl  weights  of  the  nnperincnuibeot  colnmnsof 
riirtl  Itn  nm  i<i|iiiil.  'I'Ik'  Hrst  answer  regards  the  horizontal  variatjoasof 
(ImkMv  III  llu'diiitli'HcviiMt  a!4  unimportant;  the  second  regards  them  as 
tiir|ii'ihM>l.  Till'  HrKt  niiiybe  <'alled  the  doctrine  of  terrestrial  rigidit}'; 
I  iifi  ■i4iiii»\  hiiH  IxH'ii  callrd  tlie  doctrine  of  isosta«y.  At  the  present  time  i 
I  III'  Hclif  lit  ')!'  o|iiiiioii  and,  in  my  judgment,  the  weight  of  evideoce  lie 
t^Mli  itM'iliirliiiKMif  isoKtiKiy.  The  differential  pressureof  12.000  pounds 
j.i<(  e(|iiin'i<  liiiOi  HullU-os  to  i-nish  nearly  all  rocks,  and  it  may  fairly  be 
i|ili>alliPM('il  wlii'tlier  there  are  any  roitk  masses  which  in  their  natnral 
iiiliilMlnii  near  the  surface  of  the  cartli  are  able  to  resist  it.  The  samples 
III  M'i'li  lo  wlilcii  thu  pressures  of  the  testing  machine  are  applied  hsre 
iiM  II  liMliti'iilitil  by  drying;  but  it  is  a  fact  familiar  to  qnnrrymen  tliat 
(iii'liD  III  general  are  softer  as  they  lie  in  the  quarry  below  the  water- 
flui'  IImiii  aller  they  have  been  exposed  to  the  air  and  thoronghly  dried. 
U  IQ  jiKibiilile  therefore  that  rocks  lying  within  a  few  hundred orafev 
t  fiitiicsiiiiil  feet  of  the  surface  are  unable  to  resist  such  stresses  as  are 
liiijiiiBet)  i>y  continents.  At  greater  dejiths  we  pass  beyond  the  rauge 
Ml  i:hiiiIiIIoiis  which  we  can  ropiy>duce  in  nnr  laboratories,  and  our  infer- 
niii-:iia(»  physical  conditions  are.  leas  conAdeut.  The  tendency  of 
■  iilili  ninieaii  high  temperatures  is  surely  to  soften  all  rocks,  audtbe 
li  ii»(»  iicy  "f  subterranean  high  pressmes  is  pi-obably  to  harden  tbem. 
Ii  I.-  lull,  known  which  tenden<;y  dominates;  but  if  the  tendencies  due 
he  more  powerfal,  we  are  at  least  assured  by  the  pb^ 
lisni  that  their  suiu'emacy  admits  of  local  exception. 
Ug  fliferencen. — If  we  accept  the  <loctrine  of  isostasy 
latcrial  under  the  continents  as  less  dense  than  tlist 
fliMirs,  the  question  then  arises  whether  the  diftereiice 
mciely  to  a  difference  in  temperature  or  whether  it 
rrom  difTeiences  in  composition.  This,  which  maybe 
I  problem  of  the  continents,  is  so  intimately  related 
follows  that  we  may  pass  it  by  without  fuller  state- 
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Wkat  caused  the  eontineatal  plateau  f —  The  problem  of  tbe  origin  of 
the  coDtiDentB  remaiiis  almost  antoached.  Those  wlio  have  pro- 
poonded  theories  for  the  fonnation  of  mountain  ranges  have  sometimes 
incladed  contiaents  also,  but  as  a  rule  without  adequate  adaptation  tn 
the  special  conditions  of  the  continental  problem.  So  far  as  I  am 
aware,  the  ^abject  has  been  seriously  attai-.ked  only  by  our  second 
prefiident,  Prof.  Dana.  He  postulates  a  globe  with  solid  nucleus  and 
molten  exterior,  and  jwstulates,  fVirtber,  local  differences  of  condition, 
in  consequence  of  which  the  formation  of  solid  cruet  on  the  liquid  en- 
velope was  for  a  long  period  confined  to  certain  districts.  In  those 
districts  successive  crusts  were  formed,  which  sunk  through  the  liquid 
envelope  to  tbe  solid  nucleus  and  by  their  accumulation  built  up  the 
continental  masses.  The  remaining  areas  were  afterward  consolidated, 
and  subsequent  cooling  shrunk  the  ocean  beds  more  than  it  shrunk  the 
continental  masses,  because  their  initial  temperatures  (at  the  beginning 
of  that  process)  were  higher."  That  the  philosophic  mind  may  find 
satisfaction  in  this  explanation,  it  appears  necessary  to  go  behind  the 
second  postulate  and  discover  what  were  the  conditions  which  deter- 
ntined  congelation  in  certain  districts  long  before  it  began  in  others. 
Can  it  be  shown  that  the  localization  of  congelation,  having  been 
initiated  by  an  otherwise  nnimirartant  iuei^nality,  would  be  perpet- 
uated by  any  of  those  cumulative  processes  which  are  of  such  impor- 
tance in  various  departments  of  physicst  Andean  it  be  shown  that 
such  a  processof  continent-building  would  segregate  in  the  coutiuental 
tract  certain  kinds  of  matter  and  thus  institute  the  conditions  essential 
toisostatio  equilibrinmt  To  the  firHt  of  these  questions  no  answer  is 
upparent,  but  I  incline  to  the  opinion  that  the  second  maybe  answered 
in  the  affirmative.  If  we  assume  the  liquid  enveloiie  to  consist  of  va- 
rious molten  rocks  arrange«l  in  the  order  of  their  densities  and  if  we 
assume,  further,  that  their  order  of  densities  in  the  liquid  condition 
corresponds  to  their  order  of  densities  in  the  solid  condition,  then  the 
successive  crusts  whose  heaping  Imiit  up  the  coutiiientH  would  all  be 
formed  from  the  lightest  material,  and  the  isostatic  condition  would  be 
satisfied. 

It  was  the  fashion  of  the  last  generation  of  physical  geograpliers  to 
study  tbe  forms  of  continents  as  delimited  by  coasts,  seek  ing  analogies 
of  continental  forms  with  one  another  and  also  with  various  geometric 
figures,  especially  the  tiiaugle.  The  generalizations  resulting  from 
these  studies  have  not  yielded  valuable  ideas,  and  the  modern  stu<lent 
is  apt  to  smile  at  theeftbrtof  his  predecessor  to  discover  the  ideal  g(W- 
metric  figure  where  the  unbiased  eye  sees  only  irregularity.  But  barren 
as  were  those  studies  I  am  nut  .satistied  that  their  method  was  faulty, 
and  as  a  physiographer  I  have  such  appreciation  of  the  ideas  that 
sometimes  grow  from  studies  of  form  that  I  have  attempted  to  apply 
the  old  method  to  the  new  conception  of  the  continental  plateau.     Con- 
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snmed  by  the  complemoutary  pjirt  of  tlie  orsnge  peel,  wliicU  representa, 

nf  <vinrH6,  Miiit  portion  of  tlie  oceait  outside  tlie  continental  slioals.    In 

Mirli  rlJatiri'Mni  the  positioiiH  of  tlie  jKileH  nortli  and  Boutli  are  repre- 

lAiitiNl  by  the  letters  N  and  S,    From  the  study  of  these  figures,  and 

t«{)«>tally  from  their  study  as  delineateil  on  the  globe,  it  appeared  pos- 

'  iitil«  that  a  itortioQ  of  the  continental  plateau  might  belt  the  earth  as 

I  J  irreHt  circle.    The  discovery  of  such  a  belt  would  te  important,  for  liy 

I  «Muiuing  that  it  vn»  originally  equatorial  we  might  be  led  to  new  hy- 

I  yutiieaes  of  continental  development.     In  a  rotating  liquid  sphere  the 

I  iu(f  differentiation  of  sarfacc  condition  we  can  readily  conceive  is  that 

I   Mtveen  equatorial  and  polar  regions,  and  if  such  differentiation  were 

F  Afficieot  t«  cause  or  localize  continental  elevations,  then  these  eleva- 

I    mi  would  constitute  either  tvto  imlar  trat^ts  or  else  an  equatorial  belt. 

I    ibnuver,  1  have  been  induced  by  recent  studies  of  the  physical  history 

I    I  tlii:  uioon  to  suspect  that  the  earth  may  at  one  time  have  received 

riulderable  accessions  from  witliout  aod  that  these  acceasions  were 

tailo  to  the  equatorial  tract.    If  these  suspiciouH  are  well  founded,  pe- 

ili.ir  characters  may  have  been  giveu  to  a  tract  having  the  form  of  a 

fit.    So  for  a  double  reason  I  was  letl  to  compare  the  outline  of  the 

'iitinental  plateau  with  a  great  circle.    To  this  end  a  great  circle  was 

tii^i,  coinciding  as  nearly  as  possible  with  the  line  of  greatest  con- 

iipntal  exteusion.  and  the  projection  was  so  modified  as  to  render  the 


FiniRK  ^,—Arra  nf  riiMiHtnlal  ^Uau,  dr^laptd  iciA  rr/rrmti  to  a^nattirel/. 

■M*  of  that  great  cintle  a  straight  line.  The  result  appears  in  I'^ignre 
vhpro  the  straight  line  is  the  projection  of  the  hypothetic  ancieut 
'\:itnr;  and  you  will  probably  agree  with  nie  that  it  gives  little  sup- 
iC  to  the  suggestion  that  the  princijial  line  of  continental  elevation 
->  originally  equatorial. 

Wkg  lio  conHnenfal  arean  vine  and  faUt — A  fourth  problem  refers  to 
Iitinental  oscillations.  Thegeologic  history  of  every  district  of  theland 
'indes  alternate  submergence  under  and  emergence  from  the  sea. 
'I  what  extent  are  these  changes  due,  on  one  hand,  to  movements  of 
'le  sea  and,  on  the  other,  to  movcmentNof  theland,  and  what  are  their 
iiwesl  "With  American  geologists  the  idea,  recently  a<lv<>cated,  that 
lie  chief  movements  are  those  of  the  ocean  finds  little  favor,  bec^ause 
ime  of  the  most  imimrtant  of  the  changes  of  which  we  are  directly 
oenizant  are  manifestly  diflTerential.  Oor  palieozoic  map  pictures  a 
*rt  where  now  are  Appalachinti  uplands  and  uplands  where  now  are 
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[  iH-r  w  immiwd  ta  m- 
-jirmiri  riu*  a  laifa  of 

•*  ■  ■7^,wi'-«»L  *«  dit  extnt  of 
~..^jti.-T.  T-  •tfitfw  that  goth 

m«,v  iiii»«'  '•■^'1  •Mn-.-fTjc-i-  ■"  r  -  •!.—-»  t-u3  -it  umaliil  frfbir  BtiD 
.*ttiiii.-v -uyjit*^: 'II.  'rT  i:.- -T-t-Lji-  >(  ^r^tx  prrwumacji.  a* eoMpaiwl, 
lo  -mni-iniin.ta.  ■-  -I  ■:-:  ".i^  "iit-  Ir^ii  ^  puB^Ue  «pi<n«e  hypotb^' 
^.». 'iia>  K* .  v.xi.i-^f-'u  "ir -.I*- ~^j  tf 'sTT-'jcoepiwnbaity  stfll  opens 
l>i.....iu. 

lit  .■•HCMiwis  ir'-^-t'-'.- ' — Tif  ii iiTTtue  <if  the  permaDenoe  of  the 
I'.iiiiiii.  iiiHt  •uK.i-.iu.  ' .  I!!'  :jt<~i  Jiiu;  'Lp>  by  l>aiu  aod  more  reoeatly 
.iih<'(.ii«'>i,  i>  ,H  »•>'■'»•!-■;.  HTTi'.' ifncr  diia.  bj"  Murray  and  Wall*'"'. 
li.i^  iu.td*  in-ni  ->!..Li-T—  -  'w-iri  ^ni-ntl  afr^ptance.  Neverthdeas its 
i-.ii(t-ie  :s  -ti't  ••i'::£>-^  i-ir.  tiiil  imoii;;  tbe  obstucles  «Cill  to  betnei- 
<-tiiiu-  IS  iiiu'  '^-ki-m;  'u.i.':.:iiiii-  >  [wrtLipa  iDagiiilied  fur  tbe  Ameneao 
stitili'iit  !>>  ;>i-ii\::u  L-..  V.I  t'io  Ikivi^  rallied  broadly  the stratigr^liy 
of  tii«  Ai'tMlihiuaii  u-fr-tr  'aiiw  •-uncIiMled  that  the  sedinoents  came 
ibitftly  tViirii  riti-  <;^ist.  aol  ~:i«  -ier^iliNl  Appalachian  work  of  the  pant 
dfcmlv  i:s  dL-^losi:!^  I  .->>.u-,>i:>rure<l  [ii>tory.  Hi  which  all  chapters  tell  4^ 

au  eaiitern  pal^tiiz i:inil  unl  -yiuiet;bapters8eem  tot««tify  to  its  wide 

extent.  At  s.>mi>  nmf!t  ;\ir  nr^iEeni  shore  of  this  land  lay  east  of  the 
sifrhtofthe  Itliii-  Ri>lsi'.  and  r'n^re  is  serioas  doubt  whether  the  exist- 
ing beltM  of  imtnUii  plain  and  xnbmerged  continental  shelf  aiSotd  it 
snlticient  H\>ni-t:  l''or  Ifie  prcM-nl,  at  leant,  tbe  subject  of  contiiMaUi 
perniancuci^  uiiiMt  be  i'.liifl)4«Ml  with  the  continental  problems. 

/>«»  nmtinrnlMfffi>ir  f — AvcordinK  to  my  own  view  there  is  yet  aDOlber, 
ji  ."ixth.  i>)n(iiu'iil(ii  itroblnin  doHorviuf;  tbe  attention  of  the  Worid's 
Fji:r  ;r.:or  rMntiiii'iiml  iiinRrv»».  We  have  been  told  by  tbe  m»ettn  of 
tmr  AW'niX'  ;»»d  thoir  li^x'liiiiit  li!>!»  Imh'ii  echoed  in  evwy  text-book  and 
)h:tt  iIiiimikIi  rho  wbulf  |tenod  «f  the  gedogjc 
«  h^nv  £iiinn:  x\<*t  that  the  oontiDeiita)  {tbtcaos 
*  oMT-ii.icl.  not  timi  the  peDdnloin  has  mvnd 
■i-.m,  hv,\  il<;ii  ili<>  Im.d  urea  has  on  the  whole 
ri>.Mn  il.iv  <|.t,'i;,iir  tiinw  lias  been  so  diaa^ — 
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and  possibly  there  slionld  be  no  dissent — but  the  evidence  on  wbicb  it 
is  founded  spears  to  me  so  for  from  conclusive  that  1  venture  to 
doubt. 

The  evidence  employed  consists  partly  in  the  general  distribation  of 
formations  as  shown  by  the  geologic  map  and  partly  in  inferences  drawn 
irom  certain  formations  which  contain  internal  evidence  that  tbey  origi- 
nated on  coasts.  With  the  aid  of  such  data  are  drawn  the  ontllnes  of 
iuicient  ocean  and  land  at  various  geologic  dates,  aud  fixim  the  com- 
parison of  these  outlines  continental  growth  is  inferred.  In  passing 
from  the  formation  boundaries  of  the  geologic  map  to  the  oceanic  limits 
of  the  charts  of  ancient  geography,  allowance  is  made  for  the  former 
eiteiit  of  non-littoral  formations  beyond  their  present  boundaries. 
This  allowance  is  largely  conjectural  and  the  range  of  possible  error  is 
confessedly  great.  In  passing  from  the  observed  limits  of  littoral  for- 
mations to  the  coast  lines  of  ancient  geograpliy  little  or  no  allowaoce 
in  usually  made  for  the  former  extent  of  the  formations,  and  I  conceive 
that  great  possibility  of  error  is  also  thus  admitted.  During  a  x>eriod 
of  oceanic  transgression  over  the  land,  all  portions  of  the  transgressed 
surface  are  successively  coastal,  and  the  coastal  dejtosits  they  receive 
we  subsequently  bnried  by  off-shore  deposits.  When  therefore  littoral 
beds  are  found  in  remnants  of  strata  surviving  the  processes  of  deg- 
radation, it  is  indeed  proper  to  infer  the  proximity  of  ancient  coasts 
during  their  formation,  but  the  inference  that  they  represent  the  limit 
of  transgression  for  that  epoch  may  be  far  from  the  truth.  For  these 
nasons  it  appears  to  me  that  the  specific  conclusions  which  have  been 
reached  with  reference  to  the  original  extent  of  various  formations  are 
nbject  to  wide  uncertainties;  and,  if  this  be  granted,  then  but  brief 
Ktention  to  a  simple  law  of  denudation  is  necessary  to  show  that  the  gen- 
eral conclusion  maybe  illusory.  The  process  of  degradation  by  agne- 
DOS  agencies  is  chiefly  regulated,  not  by  the  thickness  of  formations, 
bothy  the  height  to  which  they  are  uplifted.  Thus  the  present  extent 
of  most  formations  is  determined  in  large  part  by  crustal  oscillations 
subsequent  to  their  deposition.  Asformationsareprogressivelyeroded, 
ttie  under-lying  and  older  can  not  be  attacked  until  the  over-lying  and 
younger  have  been  carried  away,  and  so  the  outcrops  of  the  older  of 
neceesity  project  beyond  the  bonndaries  of  the  younger.  The  progress 
of  vague  inference,  making  indefiuite  allowance  for  the  unknown  quan- 
tity of  eroded  strata,  nearly  always  assigns  to  the  older  formation, 
which  projects  visibly  beyond  the  newer,  a  greater  original  extent.  It 
spears  to  me  thus  possible  that  the  greater  part  of  the  data  from  which 
continental  growth  is  inferred  may  be  fat^titions  and  misleading. 

Furthermore,  inference,  snoh  as  it  is,  deals  with  only  one  phase  of 
the  problem.  It  is  applied  to  the  incursions  of  the  sea  npon  fjie  land, 
but  it  is  not  applied  to  the  excursions  of  the  land  upon  the  sea.  Just 
as  we  infer  from  stratiBed  rocks  the  presence  of  the  sea,  so  also  we 
infer  from  unconformities  the  sea's  absence;  and   to  tbe.stndent  o 
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later  atagu  by  decadence.  Iii  oar  iguorauce  of  subterranean  forces  we 
Blionld  use  such  a  priori  cousiderattODS  only  as  a  means  for  the  sagges- 
tiuQ  of  hyputfaeses.  As  they  have  doubtless  served  to  promote  the 
theory-  of  coDtineutul  growth,  tUey  should  also  be  permitted  to  indicate 
tbe  possibility  of  continental  retrogradation. 

Summary. — The  problems  of  the  cuutiuentti  have  been  touched  to-day 
Htbrie&y  that  a  summary  is  almost  sai>erfluoUH.  The  doctrine  of  isos- 
tasy,  thoujfh  holding  a  lemliiig  position,  has  not  fully  supplanted  the 
iloctriiie  of  rigidity.  ,  If  it  be  accepted,  there  remains  the  question 
whether  heat  or  com|>o8ition  determines  the  gravity  of  the  occiin  beds 
and  the  levity  of  continents.  For  the  origin  of  continents  we  have  a 
UDgle  hyimthesis,  wliich  deserves  to  be  more  fully  compared  witli  the 
Wy  of  modern  data.  The  newly  determined  configuration  of  tlie  cou- 
tineiital  mass  lias  yielded  no  suggestion  as  to  its  origin.  The  cause  of 
differential  elevation  and  subsidence  within  the  continental  plateau  is 
oDknowii  and  has  probably  not  been  suggested.  The  permanence  of 
thecontiueiitiil  plateau,  though  highly  probable,  is  not  yet  ftilly  estab- 
liahed;  and  the  doctrine  of  continental  growth,  though  generally  ac- 
cepted, has  not  been  placed  beyond  the  field  of  profitable  discussion. 
Thoa  the  sabject  of  continents  affords  no  less  than  a  half  dozen  of  great 
problems,  whose  complete  solution  belongs  to  the  fiiture.  It  is  not  al- 
together pleasant  to  deal  with  a  subject  iu  regard  to  which  the  domain 
nf  our  iguoraiiee  is  so  broad;  but  if  we  are  optimists  we  may  be  com- 
forted by  the  reHectioii  that  the  geologists  of  this  generation,  at  least. 
Till  have  no  txM^asiou,  like  Alexander,  to  lament  a  dearth  of  worlds  to 
i»ni|uer. 
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PEB^OLUMBIAN  COI'PER-MININO  IN  NORTH  AMEEIOA. 


By  K.  L.  Packard. 


The  broact  classificatioa  of  the  successive  stages  of  culture  of  the 
prehistoric  peoples  of  Europe  into  the  stone,  bronze,  and  iron  "ages" 
MiA  based  upon  prehistoric  finds,  and  is  an  induction  derive^l  from 
dbsenation  similar  to  that  relating  to  the  succession  of  the  different 
orders  of  animals  and  plants  in  geological  history.  It  is  also  confirmed, 
18  far  as  bronze  and  inm  are  concerned,  by  ancient  tradition,  for  in 
early  historical  times  it  was  known  among  the  Greets  that  bronze  had 
premled  iron  at  an  earlier  period,  and  this  knowledge,  passing  to  the 
PiODuos  in  a  later  age,  was  expressed  in  the  line  of  Lncretins  which  has 
been  often  quoted  in  this  connection,  "ned  prior  a-ri*  erat  quam  ferri 

Bat  there  is  evidence  to  show  that  the  nse  of  copper  was  independent 
of,  if  it  did  not  precede,  that  of  bronze,  particularly  in  places  where 
th«Betal  was  indigenous.  This  evidence  consists  in  the  discovery  of 
^^)pper  implements  and  weaiions  instead  of  or  sonietintes  accompany- 
ing tmiuze,  mingled  with  nnmerous  stone  articles  of  the  same  charac- 
<c.  ia  various  places  in  Europe  and  the  East.  The  prehistoric  people 
W  learned  the  art  of  extracting  copper  from  its  ore,  and  in  some  cases 
rrjcticed  it  near  the  places  where  the  metal  was  used  for  implements 
"Nii  weapons.  Prehistoric  copper  mines  have  been  reported  from  the 
Trals  and  elsewhere,  and  a  circumstantial  account  of  such  a  mine, 
'bich  was  discovered  in  1827  near  Bischofshofen  in  Salzburg,  in  (jter- 
■any,  has  been  published  by  M.  Much,  an  arcliffiologist  who  examined 
n  in  18(9.»  The  traces  of  the  old  workings,  nearly  obliterated  after  so 
lung  a  time,  had  led  to  the  establishment  of  a  flourishing  modern  cop- 
i*r  mine  on  the  same  vein,  just  as  the  trenches  on  the  outcrops  of  the 
^\\\KT  bearing  rocks  in  the  Lake  Superior  district  served  as  guides  to 
iwdem  miners  in  sinking  shafts  there.  The  Salzburg  mine,  however, 
iM  hi  copper  ore  and  not  native  copper,  nnd  was  »  mine  in  the  proper 
t-nseof  the  term,  with  extensive  underground  workings.  The  remains 
*r small  smelting  flimaccs,  with  siag  heaps  nnd  other  rubbish,  were 

'Di«KDpf«n«)t  in  Karofut  uud  ibr  VerliultDisH  7>ir  riipiir  (1<t  Iiiilogertnaneti. 
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foQDd  ill  the  neighborhood,  in  the  midst  of  which  were  a  few  pieces  of 
the  copiier  produced  from  the  ore  oa  the  Kpot  by  tlie  prehistoric  smelt- 
ers.* No  iron  tool»i  or  signs  of  their  use  were  found  iu  this  mine,  which 
was  assigned  by  the  archieologist  who  examine^l  it  to  the  time  of  the 
oeighboriug  lake-dwellers,  who  oaed  its  copper  for  weaiMtns  and  tools. 
Another  mine  iu  the  Tyrol,  referred  to  by  the  same  aathor,  was  also 
apparently  worked  to  sapply  a  colony  of  lake-dwellers  situated  near  by. 

It  might  be  expected  on  both  mineralogical  and  metatlurgical  groonds 
thatcopi>er  would  be  used  before  bronze,  and  even  before  smelting  was 
discovered,  because  copper,  like  g<:)ld  and  silver,  is  found  in  the  native 
stote  in  many  places,  while  considerable  metallurgical  skill  i» necessary 
for  the  production  of  bronze.  Moreover,  bronze  is  an  alloy  of  coppa 
and  tin,  and,  except  in  the  comparatively  rare  cases  where  copper 
and  tin  ores  occur  together,  tin  would  have  to  be  transported  to  the 
copper-smelters  to  produce  the  alloy.  In  North  America,!  while  cop- 
per was  known  to  the  natives,  bronze  had  not  appeared  at  the  epoch  uf 
discovery  by  Europeans,  and  neither  smelting  nor  even  melting  was 
necessary  for  the  production  of  the  copjier  articles  found  in  use  by  the 
discoverers. 

The  first  comers  to  the  northern  part  of  tliis  continent  were  strucb 
with  the  absence  of  metals  iu  the  native  weapons  and  implements,  and 
found  their  place  supplied  by  stone  and  bone.  The  inhabitants  were 
iu  the  neolithic  stage  of  culture.  They  were,  indeed,  iu  posses-sion  ol 
copper,  but,  us  far  as  the  discoverers  obs^trved,  it  was  almost  exclusive); 
used  for  ornamental  purposes,  and  formed,  apparently,  no  part  of  tlw 
uative  equipment  in  the  arts  of  life.  Exclusive  of  the  Spaniards,  tin 
earliest  voyagers  who  left  records  or  reports  of  theii'  explorations  eailal 
along  the  coast,  or  visited  different  parts  of  it,  fnim  Labrador  to  Flor- 
ida, and  the  iubabitants  of  the  whole  seaboard  were  fonnd  sparingly 
iu  possession  of  the  "  red  metal."  Thus,  in  the  account  of  Cabot's  voy 
age  in  1407,  given  in  Hakluyt,  there  is  this  brief  statement:  "Bet 
(f'abot)  declareth  further  that  in  many  places  of  these  Regions  he  sav 
great  plentie  of  copper  among  the  inhabitants."  The  account  is  a 
translation  from  Peter  Martyr,  and  the  words  "great  plentie  of  are uot 
warranted  by  the  original. {  Cabot's  observatious  were  made  on  the 
northern  coast  of  the  contineut,  and  he  went  as  far  as  60°  north  lati- 
tude. A  similar  brief  Ktatemeut  is  given  in  the  account  of  tlie  voyage 
of  CorterenI  in  1500,  who  is  said  t«  have  gone  as  far  north  as  .'i6°.  The 
itccoiuit  (in  Uamusio)  describes  the  painted  inhabitants,  their  clothing 
of  skins,  and  other  particulars,  and  states  that  they  bad  bracelets  <>f 
silver  and  (■«pi>er.    The  mention  of  silver  is  unfortunate.     Verrazano's 

*  Apieci'cirthiNroi>it«Tgav<>,iinauut,viii!i:  Cojiper,  9S-46  perceut;  anlpliur, O'OS per 
oeut;  bIbKi  **'-!''  t'or  renl,  wlillo  n  copper  tuol  found  in  Die  vnrking^K  ^ve  copper, 
97-7)*|i«Ti-put;  nirkel.  0-tW  ]>er  rent ;  iron,  ii  tni<'<-;  kod,  O-A')  per  r«nt ;  sulphur,  0-21 
per  ct'iit;  alitR.  0-1^  p«r  cent. 

t  By  Norlli  Anu'rira  ixuit-anl  oiitj'  tlie  iiuu-Si<itiiisli  (H.riiou  ot'  the  countty. 
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report  goee  more  iut4>  partivulare.  lie  c<ia»ted  from  34'^  to  beyoud  il^ 
uortb  latitade  in  the  year  1524,  and  made  several  InndiDgs.  He  says 
of  the  DUtives,  at  a  point  ou  tlie  coast  appareutly  in  the  neighborhood 
of  New  Yorlj,  that  they  had  "many  plates  of  wrought  coi>per,  which 
tbey  esteeme  more  than  golde."  On  sailiDg  along  the  coast  to  tlie  east- 
Tard  lie  saw  certain  hills  and  concluded  that  they  bad  some  "mineral! 
matter  in  them,  because,"  be  says,  "  we  saw  many  of  them  [the  iiativesi 
bave  headstones  of  copi>er  hanging  at  their  eares."  On  tbe  southern 
and  eastern  coast,  therefore,  according  to  these  accounts,  the  copper 
«a«  used  for  ornaments.  Neither  of  tbe  observers  ijuoted  speaks  of 
Nipper  weapons  in  that  part  of  the  country,  which  they  would  have 
becD  likely  to  notice,  as  they  naturally  paid  special  attention  to  the  arms 
tkf  might  have  to  encounter.  Nor  did  later  explorers  who  described 
llKequipmeut  of  tbe  natives  in  detail  have  occasion  to  give  greater 
pTDminence  to  copper. 

lu  Cartier's  second  voyage  to  the  St.  Lawrence,  in  1535,  he  kidnaped 
tbe  principal  chief  of  a  local  tribe  to  take  with  him  to  France,  follow 
iig  the  common  practice  of  the  time,  and  this  chief  was  visited  on 
shipboard  by  coudoling  members  of  his  tribe,  who  were  assured  that 
he  would  return  the  next  year,  "  which,  when  they  heard,"  says  the 
aiyouit  ill  Hakluyt,  "  they  greatly  thanked  our  captain  nnd  gave  tlieir 
lonl  three  bundles  of  beaver  and  sea  wolves  skinnes,  with  a  grcatknife 
nf  red  copper  that  comiiietb  fWim  Sagiienay."  Here  is  an  instance  of  a 
copper  weapon  or  implement.  The  quantity  of  copper  which  the  North 
American  Indians  possessed  at  the  ejmch  of  discovery,  although  the 
m^l  was  diffused  over  a  very  wide  tei  ritory,  was  very  small  compared 
vi&stone.  A  glance  at  collections  of  aboriginal  articles,  like  that  of 
ttrSniithsonian  Institution  in  Washington  or  tbe  Peabody  Museum  in 
dmbridge,  will  at  once  show  how  relatively  insignificant  it  was.  The 
^thsonian  has  tietween  six  and  seven  hundred  copper  articles  from 
Mnnds,  graves,  and  other  sourcen  within  the  territory  of  the  United 
'^Utet>,  while  there  are  thbusands  of  stone  arrow  and  spear  heads  and 
implement*  in  its  collection.  Tbe  Teabody  and  other  copiwr  collections 
ve  Tery  much  smaller.  A  closer  examination  of  tbe  Smithsonian 
tdiibit  will  show  tliat  the  copper  articles  from  the  south  and  east  are 
mainly  of  an  ornamental  character  and  few  in  number  compared  with 
those  found  toward  the  northwest.  As  Wisconsin  is  approached  the 
wpper  articles  not  only  increase  in  number,  but  the  proiiortion  of  arrow 
aiHl  gpear  heads  and  implements  far  exceeds  that  of  the  ornaments. 
Among  the  Wisconsin  specimens  are  pieces  of  "  float"  copper,  varying 
ia  size  &om  those  weighing  several  ponnds  down  to  nuggets,  which 
indicate  the  convenient  material  of  which  some  of  the  manufactured 
irticles  were  probably  made. 

If  one  were  to  prepare  a  map  showing  by  shading  or  colors,  as  is  now 

the  practice,  the  relative  number  of  aboriginal  copper  finds  in  the 

United  f^tates,  the  deepest  shade  or  darkest  color  would  at  prettent  be  in 
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WiBcousiii.  Tbis  couditioii  is  no  doulit  largely  due  to  the  itidefa%a- 
ble  zeal  of  Mr.  F.  S.  Perkins,  of  "VVisconain,  who  has  devoted  himseir 
for  many  year»  to  collecting  oojtper  articles  of  Indian  origin  irom  »II 
parts  of  the  State,  about  four  hundred  of  which  are  iu  the  Smithsoiiiau 
cases.  But  the  phenomeuoii  can  be  explaiued  in  another  way  when 
one  reOects  that  Keweenaw  Point  is  directly  north  of  the  State  and 
was  the  seat  of  the  ancient  copper  mines  which  have  attractwl  the 
attention  of  archteologists,  and  was  the  center  of  distribntion  of  the 
native  copper  which  was  the  object  of  the  desultory  iniuiug  carried  oq 
there.  Wisconsin  is  also  iu  a  very  favorable  situation  for  receiving  tbe 
drift  which  brought  "float"  copper  from  the  copper-bearing  rocks  of 
Keweenaw,  which  'afloat"  was  apparently  often  manufactured  into 
implements.  The  State  covers  a  distri(-t  which  was  near  the  miuesand 
is  in  a  direct  course  for  people  leaving  tliem  going  south.  It  way  be 
found  that  that  district  was  the  seat  of  the  ancient  miners  themselves. 

The  jield  of  mounds,  graves,  aud  fields,  as  sliown  in  the  collections, 
confirms  iu  a  general  way  the  observations  of  the  first  discoverers.  In 
the  eastern  and  southern  partsof  the  country  the  majority  of  the  copper 
articles  which  have  been  found  are  breast-plates,  bracelets,  l>eads. 
bobbin-like  objects  and  other  ornaments,  while  in  the  north  aud  west^ 
and  especially  in  Wisconsin,  implements  and  weapons  prevail.  The 
Wisconsin  specimens  are  like  those  figured  by  Whittlesey  (jSmtfAfonion 
Coiitributiom,  vol,  xiii),  which  were  found  in  the  mining  district  itselli 
and  tiiosefouud  at  Brock  ville.Caniula,  and  shown  in  Wilson's  "Preliis- 
tone  Man."  Others,  apparently  of  the  same  character,  are  mentioned  by 
W^ilson  as  being  found  near  Mar<]uette,  Mich.,  east  of  the  copper  du- 
trict. 

The  present  evidence,  therefore,  shows  that  copper  had  not  passed  its 
ornamental  or  precious  stage  on  the  seaboard  and  iu  the  south  at  tiie 
time  this  continent  was  brought  to  the  attention  of  Europe.  It  was  not 
a  part  of  the  general  native  equipment,  either  for  war,  or  hunting,  or 
other  useful  purposes,  and  its  position  in  the  'native  economy  was  not 
like  the  noticeable  part  it  played  in  the  armament  of  the  Mexicans  and 
Central  Americans  of  the  same  period. 

At  tln^  advent  of  Europeans  copper  was  eagerly  sought  for  in  trade 
with  tlie  whites.  An  ofHcial  present  of  copper  articles  is  particularly 
mentioned  in  the  account  of  Cartier's  voyage  before  referred  to,  and  . 
Ralph  Lane  writes  from  Uoanoke,  in  1.185,  to  his  company  in  England 
thai  tlipy  conld  not  do  better  than  send  over  copper  articles  of  all  kinds 
to  tragic  with ;  "  copper  carryeth  the  price  of  idl,  so  it  be  made  red,"  he 
explains.  The  copi>er  obtained  {rom  the  whites  was  very  soon,  with  otber 
imiiorted  things,  disseminated  by  barter  among  the  different  tribes.  In 
Frobisher's  third  voyage  to  the  Labrador  coast  (lat.  68°),  in  1578,  he 
nol  iced  the  evidence  of  this  aboriginal  trade,  aud  says  "the  natives 
traffic  with  other  people,  and  have  barres  of  iron,  arrowe,  and 
heads  and  ccvtaiii  buttons  of  copiwr  which  they  iiee  to  weare 
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apoti  their  forebeads  for  ornament,  aa  our  ladies  in  tlie  court  of  Eng- 
laiitl  doe  nse  ^eat  pearle."  Tbis  trade  with  the  natives  must  have 
been  considerable.  The  ilsbing  fleets  which  swarmed  in  the  northern 
valers  carried  on  trade,  and  copper  and  iron  articles  formed  a  part  of 
their  outward  cargoes.  According  to  Anthony  Parkhurst,  who  bad 
been  in  the  business  and  on  the  fishing  groands,  trade  to  Newfoundland 
from  England  was  brisk  in  1548,  and  an  estimate  which  he  made  for 
Uakluf  t  shows  that  in  1578  there  were  100  Spanish  vessels  engaged  iu 
cod-tisliing,  20  to  30  whalers  from  Biscay,  50  Portnguese,  atid  l.TO  French 
and  Breton  vessels.  The  English  cootiugent  was  then  much  smaller 
tlian  in  former  years. 

After  the  arrival  of  Europeans,  bringing  an  assortment  of  ''  novel- 
ties''of  all  kinds,  there  was  no  reason  why  tbo  Indians  should  trouble 
Uiemselves  farther  to  obtain  domestic  copper  by  the  toilsome  process  of 
searching  and  digging  forit,  becaase  they  now  had  not  only  a  ready  and 
aafBcient  supply  of  that  metal  for  ornamental  purposes,  but  were  intro- 
duced to  many  other  things  of  superior  attractiveness,  especially  iron, 
in  tlie  form  of  knives,  hatchets,  etc.,  which  at  once  supersedes!  copper 
for  practical  use.  "The  Chippewa  chief,  Rontika,  asserted  in  1824 
that  bnt  seven  generations  of  men  had  passed  since  the  French  brought 
tliesi  brass  kettles;  at  which  time  their  people  at  once  laid  aside  their 
OWD  manufactures  and  adoi>ted  those  of  the  French."  *  The  testimony 
of  Uie  earliest  voyagers  to  the  possession  of  copper  ornaments  by  the 
natives  is  therefore  of  imiwrtanee,  because  there  was  very  soon  enough 
of  tbe  imported  article  iu  the  country  to  make  a  show,  incidentally, 
ako,  archteologists  have  to  keep  tbis  fact  of  foreign  importation  in 
mA  in  deciding  upon  the  origin  of  copper  articles  in  "  finds."  Lake 
Superior  copper,  ot  which  pre-Columbian  Indian  articles  were  made, 
Wars  in  the  native  Btat«,  and  is  free  from  the  impurities  which  are 
(oDud  in  copper  that  has  lieeu  smelted,  so  that  chemical  analysis  could 
often  decide  whether  a  given  specimen  was  of  native  origin  or  imported. 
On  Hume  copper  articles  found  in  the  north,  specks  of  silver  have  been 
noticed.  This  is  a  sure  token  of  Lake  Superior  copper  which  has  never 
been  melt«d. 

Ill  the  absence  of  evidence  that  the  Indians  of  the  [Jnite<l  States  had 
uiy  knowledge  of  smelting,  it  must  be  Inferred  that  all  the  copper  they 
possessed  was  found  in  the  metallic  or  native  state.  There  is  nothing 
to  show  that  they  were  aware  of  the  existence  of  copper  ore  as  a  source 
of  metal.  No  remains  of  smelting  places,  or  slag,  or  other  indications 
of  metallurgical  operations  have  yet  been  found.  If  they  bad  known 
smelting  they  could  liave  had  an  ample  supply  of  the  metal,  becanse 
OKs  of  copper  are  comparatively  abundant  in  the  United  States,  wiilie, 
H8  a  matter  of  fact,  copper  was  a  rarity  with  them.  Native  copper  occurs 
iu  !«mull  quantities  In  many  places  in  the  United  States,  but  there  is  no 
evidenre  at  pri'sent  that  the  northern  Indians  had  knowledge  of  any 
■  SchiKilcrul'l,  vol,  IV,  ii.  WJ.  ,  •  i 
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bat  tvo  localitie*  when  H  cooM  be  obudoed  in  aay  qnanti^.  These 
wen  the  CopperBiue  BiTtr  id  tbe  British  Pocsessmu,  and  the  Uike 
Soperior  cupper  di«^triet.  The  latttf  afford:^  tbe  most  nmxrkahie  occur- 
renee  of  DatiTc  oofqier  til  tbeirori<l,  and  the  present  Ruaeson  Keweenaw 
Peuinsola — tnclndiDg  tbe  famous  i'alamet  and  Berla.  the  Tamarack, 
QiiiiW7,  »id  (ftlien — are  of  world-wide  fune.  The  same  depositH  were 
worked  mperfieiallf  over  their  whole  exteiit  long  before  tbe  advent  of 
EunfiieaoR  to  these  KhoreN. 

By  referriog  to  tite  map  of  Michigan  it  will  be  seen  that  Keweeiaw 
I'eiiiDNnla  i»  a  prominent  geographical  feature  and  extends  a  consid- 
erable diKtau<re  into  Lake  Superior.  Its  northwestern  shore  and  tbe 
continuation  thereof  tbrongh  Ontonagon  County  is  practically  paraUel 
to  tbe  opposite  or  north  shore  of  the  lake.  Tbrongh  the  middle  of 
Keweenaw  Point  runs  a  beltof  derated  land  which  is  several  bundted 
feet  above  the  lake  in  some  plat-es,  and  extends  from  tbe  extreme  point 
tliniugb  the  jteninsula  and  Onton^ou  Couuty  into  Wisconsin.  This 
elevated  belt,  which  jh  known  as  the  "mineral  range."  sometimes  rises 
Into  bluffs  which  are  abmpt  on  the  soatheastem  or  shoreward  side, 
tmt  Klogiing  in  the  opposite  direction  or  toward  the  lake.  The  dip  of 
tlie  formation  composing  this  range  (sandi^tone,  and  sheets  of  igneoas 
rock,  inirlnding  conglomerates]  is  in  a  general  northwesterly  directioD, 
or  towards  the  lake  and  the  north  shore.  On  Isle  Royale.  near  tbe 
north  Hbore  of  the  lake,  the  same  formation  occurs,  but  dipping  in  tlie 
opiKisite  direction,  vi/,,  to  llie  southeast  or  towards  Keweenaw.  '^Tr^i^ 
roirk  carrying  copper  is  also  found  on  tbe  north  and  east  shores  of  tlie 
lake  at  fit.  Igtiacc  »nd  Michipic«ten  Island.  Tbe  copper-bearing  aem 
of  tlie  "minerni  range"  consists  of  sheets  of  igneous  rocks — diabase, 
diubiihe-iiinygdaloiil,  and  mclaphyr — which  iuclade  beds  of  conglom- 
erate all  parrj'ing  native  copper.  Both  of  these  classes  of  rocks  are 
mliKHl.  Tlic  famous  Calumet  and  Hecia  mine  is  in  the  conglomerMe, 
iiH  in  also  tbe  Tamarack,  while  the  Qnincy,  Atlantic,  and  others  are  in 
llit^  ainygdiiloid  rtKiks. 

The  pi'iidu<rt  of  the  mines  is  divided  by  tbe  miners  into  three  classes, 
stump  rock,  "  barrel  workr"  and  mass  copper.    By  stamp  rock  is  meant 

iitninH  the  nopper  iu  fine  particles  and  is  sent  to  the  pow- 

itanips  to  bo  ci-uslied,  in  order  to  separate  the  graioB  of 
tshing  (jieK>iiK)i.JU''t  ^  gold-bearing  qnartz  is  stamped. 
k"  meanH  the  \tieceH  of  copper  which  are  large  enough 
pd  from  the  rock  without  stamping  and  are  packed  in 
unt  directly  to  tlic  smelters.  They  vary  in  size  from  |)iece9 
je  as  the  hand  to  those  not  too  large  to  be  convenientJj 
rrela.  Pieces  too  large  for  this  constitnto  the  third  clas-s 
T,"  which  includes  tbe  huge  pieces  of  many  tons'  weight 
•asionally  met  with.  All  tbia  copper  shows  as  snch  in  the 
nneient  miners  liail  tmly  to  follow  down  apromising  oat- 
"barrel  work  "  for  a  few  feet  and  hammer  away  the  rock 
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fivm  the  copper  to  Becare  the  latter.  WheD  they  came  upon  mass  cop- 
per they  were  compelled  to  abaadou  it,  after  bammering  off  projectiDg 
pieces,  becaase  ttiey  had  no  tools  for  cutting  it  up  and  removing  it. 
Several  instances  of  this  sort  have  been  found. 

The  ancient  mines  were  not  mines  in  the  strict  sense  of  the  word, 
because  they  were  not  undergronitd  workiiigs.  As  described  by  Whit- 
tlesey, who  examined  them  at  an  early  date,*  they  were  shallow  pita 
or  trenches,  and  sometimes  excavations  in  the  faces  of  the  cliffs,  scat- 
tered along  the  mineral  range  from  Ontonagon  to  near  tbe  end  of  the 
peninsula.  At  tbe  time  modern  mining  began  they  bad  become  mere 
depressions  in  the  gronnd,  owing  to  tbe  accuiDulationa  of  earth,  leaves, 
»Dd  decayed  vegetuble  matter  within  them.  Forest  trees  were  grow- 
iDg  in  them  and  upon  the  waste  thrown  out  of  them,  so  that  it  was 
difficult  to  distinguish  tbem  from  natural  depressions  due  to  the  weather- 
ing of  the  rock  beneath  the  soil,  or,  in  some  cases,  from  the  hollows 
left  by  the  upturned  roots  of  fallen  trees.  After  their  character  was 
discovered,  however,  they  served  as  guides  to  tbe  modem  miners,  who 
often  sank  shafts  upon  the  copper-bearing  rocks,  which  were  revealed 
by  clearing  tbem  out.  Ho  mine  has  been  opened  on  the  lake  that  was 
not  thus  "prospected"  by  tbe  old  miners.  Trenches  like  those  on 
Keweenaw  Point  and  Ontonagon,  but,  if  anything,  more  elaborate,  were 
found  on  Isle  Koyale,  and  Sir  William  Logan  mentioned  similar  work- 
ings on  the  east  shore  of  the  lake  near  Maimanse.  All  of  these  work- 
ings contained  stone  hammers  or  mauls,  amounting  in  all  to  a  countless 
nmnber. 

A  few  wooden  shovels,  strongly  resembling  canoe  paddles,  were 
Inod  in  some  of  tbe  diggings,  together  with  the  remains  of  wooden 
boiU  for  baling,  birch-bark  baskets,  and  some  spear  or  lance  heads 
ud  other  articles  of  copper.  In  Ontonagon  Connty  the  old  workings 
roe  for  the  most  part  shallow  depressions  only  a  few  feet  deeii.  Some 
(if  them  ill  the  bluff  which  showed  outcroppings  of  copper  rock  were 
liardly  large  enough  to  shelter  a  bear,  while  others  were  larger.  In 
HoQghton  County  (i.  e.,  on  the  Keweenaw  promontory)  on  the  Quincy 
location,  thei'e  were  broad  and  deep  pits  in  tbe  gravel,  probably  dug 
for  the  float  copper,  lumps  of  wbieli  are  still  met  with  in  the  neighbor- 
hood. Atthe  Central  mine,  farther  out  on  the  point,  there  was  a  pit 
filled  in  with  rubbish,  which  was  at  first  supposed  to  be  natural.  It 
was  5  feet  deep  and  30  long.  On  examination,  a  "flat  piece  of  copper, 
3 14>  9  inches  thick  and  9  feet  long,  was  fonnd,  which  formed  part  of 
apiece  still  in  the  vein.  Broken  stone  mauls  were  nil  about  it,  show- 
ing that  the  miners  could  do  nothing  with  it.  Its  upper  edge  bad  been 
b^ten  by  tbe  stone  mauls  so  severely  that  a  lip  or  projecting  rim  bad 
been  formed,  which  was  bent  downwards."  Other  localities  towanl 
the  end  of  the  peninsula  and  at  tbe  Copper  Falls  location  are  described 
by  Mr.  Whittlesey,  and  as  late  as  1800  depressions  in  the  ground,  of 

•  SmilheoBian  Co«lrilnition$,  vol.  xui,  1862. 
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ere  poiuted  out  to  the  writer  at  the  latter  place  af 
miners.  Modern  miners  would  regard  the  vliolf 
iiiirB  than  prospecting  work  and  not  mining  proper, 
lafts  or  tunnels  or  nudergroand  worklngB  of  an; 
ttlesey  expressed  it,  "the  old  minern  performed  tht 
uxjilorors." 

beinK  able  to  add  to  the  foregoing  the  testimony  o 
.ome  other  iliseoveries  in  this  district,  viz.  that  a 
i  wi'll-known  mining  engineer  who  lived  in  the  die 
Uo  was  at  onetime  Biiperintendent  of  one  of  thi 
[agwl  on  the  Portage  Lake  Ship  Canal  a»  Stall 
['anal  waa  opened,  when  he  discovered  some  coppe 
lit  trrave  at  that  point.  He  writes  in  regard  to  thi 
lerntions;  "  The  largest  mass  of  float  copper  foum 
-  -  weighed  18  tons,  and  i'ontJiine«1  very  littli 
en  found  in  the  woo<l8,  on  tbe  Mesnard  location,  i 
lOsn  and  resembled  a  Hat  trap  bowlder.  It  had  beei 
.«  '  ancient  miner,'  and  much  charcoal  was  fooni 
luul  Hides  were  pounded  smooth,  and  marks  of  stoD< 
mrent.  All  projections — every  bit  of  copper  tba 
—had   been  carried  away.  -     -      Subseqaen 

svd  the  ejiidote  lode  whence  the  muss  came — tor[ 
btleas  by  the  ice.  The  mass  had  been  transports 
id  di'(>i»ped  on  a  ridge.  When  the  lode  waa  strippw 
red  edges  of  a  mass  in  plaue  were  exposed.  It  wai 
I,  thickness,  and  structure  of  the  'float.'  It  wv 
le  that  if  the  'float'  could  be  set  up  on  edge  on  tbi 
luld  fit  in  exactly.  A  beautiful  ilhistration  of  thi 
II  of  the  glacier  was  thus  aftbrded."  Mr.  Forstei 
he  famous  Calumet  conglomerate  lode  waa  opened 
ill  mound  was  found  in  the  woo<U,  while  explora 
;ss,  iii>on  which  large  piue,  maple,  and  birch  treei 
>Ib  of  trees  still  more  ancient  were  found  in  tin 
ing  off  the  timber  a  pit  was  sunk,  which  reacbec 
latent  the  depth  of  I."»  feet.  "But  it  was  a  ban 
imp  copi>er  only,  and  could  not  be  mined  by  thi 

hammers  and  birch-bark  backets  were  found  in  th( 
pster  thinks  the  dirt  was  carried  out  of  the  pit  it 
the  north  side  of  I'ortage  Lake,  on  the  extension  oi 
de  (opposite  Houghton),  the  drift  being  shallow. 
B  dug  on  the  back  of  the  lode  3  feet  wide  and  deep, 
all  mass  or  nugget  cop|»er  (barrel  worki  released  bj 
of  the  soft  epidote  vein  stone."  This  was  thrown 
was  thrown  behind  the  miner  as  be  advanced,  and 
that  of  an  expert  "  navvy."    No  evidence  of  deef 
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mining  could  be  found.  Ab  usual,  stouo  liamtoers  and  cliarcoal  were 
found  in  the  treuclien.  A  remarkably  deep  trench  which  was  filled 
witii  earth  and  leaves  was  discovered  at  the  Sooth  Pewiibie  (now 
Atlantic)  mine,  several  miles  west  of  the  last  locality,  which  extended 
2  or  3  feet  into  the  solid  rock.  At  the  bottom  "was  a  welldeflned 
transverse  fissure  vein  of  quartz,  about  2  feet  wide,  containing  here 
and  there  chunks  of  solid  copper.  By  the  several  pitA  sunk  on  the 
course  of  the  vein,  proof  was  bad  that  it  bad  been  worked  sni>erflcialty 
several  hundred  feet  in  length.  I  walked  through  it  a  long  distance, 
llie  surface  of  the  formation  was  shattered  and  decomposed,  hence  the 
old  miners  could  come  at  the  quartz  handily.  They  did  not  carry  the 
rock  out  to  the  surface  to  dump  it,  but  piled  it  up  nciitly  on  each  side 
of  the  drift.  At  one  point  I  found  a  handsome  specimen  of  <iuartz  and 
copper  laid  up  carefully  in  a  niche.  It  weighed  several  pounds.  -  -  - 
As  in  other  cases,  we  had  proof  that  the  ancient  miner  did  not  sink 
any  shafls  and  do  real  mining;  he  was  only  a  surface  gleaner."  Of 
the  ancient  workings  on  Isle  Royale,  on  the  north  shore  of  the  lake, 
vbich  were  very  extensive  and  have  been  described  as  extending  20 
feet  and  more  in  the  solid  rock,  Mr.  Forster  says:  "  As  I  nnilerstand  it, 
these  extensive  works  were  upon  a  high  out<:rop,  promising  natnral 
dniinage.  And  I  should  infer  from  what  I  heard  from  Mr.  A.  C.  Davis, 
Uie  agent,  and  others  who  opened  the  Minong  mine*  that  the  ancient 
workings  were  among  disturbed  shattered  rocks,  among  which  were 
found  much  mass  copper  and  barrel  work.  The  anr:ients  were  after 
these  pieces  of  copper.  Mr.  Davis  found  many  considerable  masses, 
handled  and  beaten  by  the  ancient  men,  which  were  too  large  for  them 
to  carry  away."t 

"On  Jsle  Royale. 

t Fnimaletter to Ihe  writer.  Mr.  FortterrnfiTHto  the  Ti«w(iiif  auottiermniing  man 
on  Ote  old  copper  workiiijfH  im  Keweenaw,  who  was  the  ai^'iit  (or  b u pert nteu dent)  of 
Ae  UeaoHrd  mine,  and  his  opiDiona  as  nn  expert  are  valuable.  Mr.  Fnrator'e  letter 
(oatiniieii  as  follows : 

"Mr.  Jacob  Honghton,  in  a  paper  entitled  'The  Anrient  Coppef  Mines  of  Lake 
Knperior,'  e»f  s,  epealciDK  of  the  so-called  ancient  mines : 

'"Their  mining  operations  were  crude  anil  primitivp.  The  process  was  to  heat 
the  embeddiug  rorliH  by  bnildiD);  liresou  the  outcrops  of  the  veins  or  belts,  to  par- 
tiillj  disintegrate  the  rocks  by  contraption  produced  by  the  sudden  throwing  on  of 
watrr,  and  to  complete  the  removal  of  tbe  pieces  of  native  copper  by  manling  off  the 
idbcring  particles  of  rock  with  stone  bamniers.  This  is  attented  by  the  pres- 
«DW  in  til  ancient  pits  of  large  quantities  of  charcoal  and  nnmberlees  hammers,  tbe 
lilter  showing  marks  of  long  usage.  Ti>e  miners  had  not  advanced  to  any  knowl- 
edge of  Ihe  artiKcial  elevation  of  wattr,  as  is  shown  by  the  fact  that  apparently,  in 
all  cases,  the  pits  have  only  been  snnk  to  a  depth  whf  re  the  limit  in  man  power  In 
baling  oat  tbe  water  is  reached. 

'"  Tbe  pits,  the  charcoal,  tbe  stone  hammers,  and  tbe  implements  and  tools  made 
ef  copper  are  the  only  relics  left  of  the  races  that  wrought  these  mines.  Neither  a 
Eiave,  vestige  of  a  habitation,  skeleton,  or  bone  Hon  been  found.' 

"In  connection  with  these  last  remarks  byHr,  Hanghton,  I  bng  to  state  that  while 
I  «u  Stkt«  «ogiiieei  on  the  Portage  Lake  and  Lake  Superior  Ship  Canal,  the  super- 
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Uiere  tlie  excavatiuus  extended  deepest.  The  trencU  is  generally  tilled 
to nitbiii  a  foot  of  the  surface  with  the  wash  from  the  surrounding 
fflirface,  iDt«rmingled  with  leaves  nearly  decayed."  Whittlesey  says 
of  tbis  mass:  "  Its  upper  surface  and  edges  were  beaten  aud  pounded 
imooth,  all  the  irregolarities  taken  off,  and  around  the  outside  a  rim 
jK  lip  was  formed,  bending  dowuwards.  -  -  -  Such  copper  as  could 
be  separated  by  their  tools  was  thus  broken  off:  the  beateu  surface 
ms  BQiooth  and  polished. 

"On  the  edge  of  the  excavation  in  which  the  mass  was  found  there 
ttood  au  ancient  hemlock,  the  roots  of  which  extended  across  the  ditch. 
i  counted  the  rings  of  annual  growth  on  it«  stomp  and  found  them  to 
|eS90."  Mr,  Knapp  felled  another  tree  growing  in  a  similar  position, 
rluch  liad  395  rings.  "  The  fallen  and  decayed  trunks  of  trees  of  a 
levious  generation  were  seen  lying  across  the  pits."  A  shaft  was 
Blweqnently  sunk  on  the  lode  revealed  by  this  trench,  which  was  in 
lieh  ground,  to  a  great  depth.  The  abandonment  of  this  mass  of  cop- 
fer  formerly  gave  rise  to  conjectures.  It  was  supposed  tliat  the  ancient 
^inerawere  interrupted  in  their  work  "by  some  terrible  pestilence 
^  -  -  or  by  the  breaking  out  of  war;  or,  na  seems  not  less  probable, 
"hj  the  invasion  of  the  mineral  region  by  a  barbarian  race,  ignorant  of 
ill  tlie  arts  of  the  ancient  Mound-builders  of  the  Mississippi  and  of 
IiOke  Superior.^*  But  from  a  consideration  of  the  evidence  of  the. 
thuacter  aud  scope  of  the  old  workings  which  we  now  possess  it  will 
ke  Men  that  it  is  unnecessary  to  go  so  far  for  an  explanation.  As  was 
.dearly  the  case  at  the  Central  and  Mesnard  mines  and  on  Isle  Hoyale, 
iXat  mass  at  the  Minnesota  was  abandoned  by  the  old  miners  because 
I  ftty  found  it  impossible  to  get  any  more  pieces  from  it.  They  had  no 
Hdiwhich  could  cut  it,  and  even  at  the  present  time  mass  copper  is 
Be  least  desirable  form  in  which  the  metal  presents  itself  in  the  mines, 
■  aveount  of  the  labor  and  expense  of  cutting  it  up,  although  there 
steel  tools  especially  invented  for  the  purpose.  The  practice  of 
^mering  off  pieces  ft-om  mass  copper  is  mentioned  by  visitors  to  the 
k\e  Irnm  the  French  missionaries  down  to  Schoolcraft.  There  was  a 
large  masit  on  the  Ontonagon,  which  has  been  in  the  Smithsonian  Insti- 
tatjon  for  many  years,  which  was  considerably  reduced  in  siste  in  this 
^ay  in  the  course  of  a  hundred  and  fifty  years  by  casual  visits. 

A  great  antiquity  has  been  assigned  to  these  workings  by  some 
vriters,  and  it  used  to  be  supposed  that  a  busy  industry  was  suddenly 
interrupted  in  them  at  some  time  over  five  hundred  years  ago.  The 
tne  with  three  hundred  aud  ninety-five  rings  of  growth  has  been  used 
to  support  an  argument  tliat  the  workings  must  have  been  abandoned 
it  least  38  long  ago  as  the  middle  of  the  fifteenth  century,  or,  to  be 
«act,  reckoning  from  1847,  before  the  year  1452,  This  would  be  at 
least  forty  years  before  the  voyage  of  Columbus  and  eighty-four  years 
before  Cartier  visited  Montrestl.  Although  it  may  be  true  that  work 
*  WilsoD ;  I'rehiilorio  Man,  vol.  I,  p.  278. 
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ceasetl  at  the  particular  trencli  wliprc  that  tree  was  felled  at  the  dat 
mdifiat«tl,  it  does  not  necesimrily  folloAv  that  all  the  workings  wer 
abandoued  at  tbe  same  time.  Indeed,  the  tree  which  grew  on  tin 
dump  of  the  pit  where  the  Miiiiiesottt  mans  was  foaud  did  not  beginit 
gi'owtli  iiDtil  over  a  hundred  years  later,  or  after  the  French  had  beei 
up  the  St.  Lawrence  and  there  had  been  considerable  traffic  witi 
Europeans  on  the  seauoast.  How  ]oag  a  parte  ante  the  whole  systeii 
bad  been  worked  can  only  be  a  matter  of  conjecture.  When  on 
reflects  that  many  hundreds  of  men  were  busily  engaged  for  severs 
consecutive  seasons,  with  all  the  feverish  energj'  born  of  the  moder 
thirst  for  gold,  in  the  diggings  of  any  one  of  the  placer  camps  whid 
are  now  seen  abandoned  in  Idaho.  Oregon,  and  California,  it  will  b 
apparent  that  the  old  miners  on  Lake  Superior  must  have  taken  aloiij 
time  for  their  leisurely  work.  Their  tools  were  primitive,  their  worl 
was  desultory,  and  they  knew  nothing  about  the  desire  of  wealtl 
Primitive  peoples  are  supposed  not  to  have  prosecuted  any  industr 
persistently  and  assiduously,  like  modern  civilized  men.  Where  ther 
are  no  wages,  no  expenditures,  no  companies  and  employes,  no  stock 
or  fluctuations  of  the  market,  nothing  even  which  can  be  called  : 
demand,  there  is  no  need  of  pushing  a  laborious  woik.  It  was  alst 
probably,  only  in  the  summer,  and  it  may  biwe  been  only  at  considers 
ble  intervals,  that  Keweenaw,  Ontonagon,  and  Isle  Koyale  were  vinit«< 
for  copper.  It  must  also  not  be  forgotten  that  tlie  ancient  miners  onl; 
carried  away  "barrel  work,"  They  were  forced  to  abandon  mas 
copper.  Barrel  work  from  the  excavations  and  float  copi«r  from  thi 
neighboring  and  remote  drift  would  furnish  the  material  necessary  fir 
all  the  tools,  weapons,  and  ornaments  that  have  been  found,  am 
although  the  quantity  of  copper  from  these  sources  was  small  wb« 
reckoned  in  tons,  yet  the  desultory  and  selective  kind  of  mining  wliicl 
produced  it,  especially  if  carried  on  by  a  comparatively  small  niimbe 
of  persons  over  such  an  extensive  territorj'  as  the  mineral  lange  o 
Keweenaw,  would  naturally  require  an  indefinite  length  of  time. 

From  the  historical  references  which  will  be  presently  considered,! 
will  appear  that  Keweenaw  and  Ontonagon  were  known  as  a  coppe 
district  at  the  time  the  French  arrived  in  Canada.  But  as  it  has  beei 
imagined  that  an  extinct  race  superior  in  culture  to  Indians  opened  thi 
trenches  and  mined  copper  there,  it  may  be  well  to  give  a  comparative!.' 
modem  instance  of  a  similar  search  for  copj^r  by  Indians  before  taking 
up  the  historical  argument.  Such  an  inst-ance  is  aftbrded  in  Hearne': 
narrative  of  his  journey  from  Prince  of  "Wales's  Fort  in  the  Hudson*! 
Bay  Company's  territory  to  the  Coppermine  River  in  1771.  Hearin 
was  an  employ^  of  the  HudHon's  Bay  Comi)any,  and  undertook  the  espe 
dition  in  the  interest  of  the  company.  Ills  party  was  comjwsed  o 
Indians  who  were  not  very  far  removed  in  jioiiit  of  culture  from  theii 
savage  stone-using  ancestors  of  three  or  fimi-  generations  previous,  am 
DO  better  idea  could  be  gained  of  the  character  and  life  of  neDlitiiio  mu 
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as  he  was  iii  that  part  of  tbc  world,  of  his  metliodB  of  obtaining  siibsiat- 
ence,  hie  geiieml  de^nve  of  development,  and,  iiicideutally,  hiR  stealth 
and  ferocity  in  attack  on  liis  neolithiv  fellow-nien,  tliau  is  contained  in 
Uiis  book.  Aiter  a  journey  of  several  montlis  tliroagh  barren  wantcH, 
daring  vhicli  lie  endured  the  greatest  hardships  and  was  in  danger  of 
starvation,  Heame  reai^hed  the  Coppermine  Kiver,  and,  after  bin  sav- 
ages  had  surprised  and  murdered  some  ntmuspecting  Esqnimanx,  he 
visited  the  cojuper  "  mine,"  whieh  he  thus  describes:  "This  mine,  if  it 
deserve  that  appellation,  is  no  more  than  an  entire  jumble  of  rocks  and 
gravel,  wbicb  hiis  been  rent  many  ways  by  an  earthquake.  Through 
difse  ruins  there  runs  a  small  river.  The  Indians  who  were  the  occa- 
91011  of  my  undertaking  thisjourneyrepresented  this  mine  tube  so  rich 
iDd  valnable  that  if  a  fnetoiy  were  built  at  the  river  a  ship  might 
he  ballasted  with  the  ore  instead  of  stone.  -  -■  By  their  account 
[be hills  were  entirely  composed  of  that  metal,  all  in  liandy  Inmps  like 
aheap  of  pebbles.  But  their  account  differed  so  much  from  the  truth 
tliat  1  and  almost  all  my  companions  expended  near  four  hours  in 
Kearcb  of  some  of  this  metal,  with  such  poor  sncce-ss  tliiit  among  ns  all 
only  one  piece  of  any  size  could  be  found.  This,  however,  was  remark- 
ably good,  and  weighed  above  4  pouuds.  I  believe  the  copper  has 
fonoerly  been  in  mncli  greater  plenty;  for  in  many  places,  both  on  the 
mrface  and  in  the  cavities  and  crevices  of  the  rocks,  the  stones  are 
moch  tinged  with  verdigris."  They  afterwards  found  smaller  pieces 
o(  the  metal. 

He  goes  on  to  remark  that  the  Indians  imagined  that  every  bit  of 
copper  they  found  resembled  someobject  in  nature,  but  hardly  any  two 
cwdd  agree  what  animal  or  part  of  an  animal  a  given  piece  was  like. 
Bealfio  says  that  by  the  help  of  fire  and  two  stones  the  Indians  could 
twat  a  piece  of  copper  into  any  shape  they  wished.  The  Indians  were 
really  living  in  a  copper  age  of  their  own.  Ilearne  says:  "Before 
CliarcbiU  Kiver  was  settled  by  the  Hudson's  Bay  ('ompany,  which  was 
not  more  than  fifty  years  previous  to  this  journey  being  undertaken, 
the  northern  Indians  had  no  other  metal  but  copper  among  them, 
eicept  a  small  quantity  of  ironwork,  which  a  party  of  them  who  vis- 
ited York  Fort  about  the  year  1713  or  1714  purchased,  and  a  few  pieces 
of  old  iron  found  at  Churchill  River,  which  had  undoubtedly  been  left 
there  by  Capt,  Monk.  This  being  the  ease,  numbers  of  them  from  all 
qnarters  used  every  summer  to  resort  to  these  hills  in  search  of  copper, 
of  which  they  made  hatchets,  ice-chisels,  bayonets,  knives,  awls,  arrow 
1iea<1s,  etc.  The  many  paths  that  had  beeu  beaten  by  the  Indians  on 
these  occasions  and  which  are  yet  in  many  places  very  ]>erfect,  espe- 
cially on  the  dry  ridges  and  hills,  is  surprising.  The  Copper  Indians  set 
a  great  value  on  their  native  metal  even  to  this  day,  and  prefer  it  to  iron 
br  almost  every  use  except  that  of  a  hatchet,  a  knife,  and  an  awl;  for 
these  three  necessary  implements  cojiper  makes  but  a  very  poor  substi- 
tute."  The  Esqaimaox  tents  were  plundered  of  their  copper  by 
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Hearue'K  Indiaus.  Tliey  foand  arrows  "Hliod  with  a  triangiUar  piec 
of  bl^ck  Btone,  like  slate,  or  a  piece  of  copi»er."  "  Their  [the  Esqa 
manx]  liatchets  are  made  of  a  thick  liunp  of  copper,  about  5  oiOinctae 
loug  and  from  IJ  to  2  iuclies  Bquare.  They  are  bevelled  away  at  on 
end  like  a  mortise  cliieel.  This  is  lashed  ioto  the  end  of  apiece  of  woo 
abont  12  or  14  inches  long,  in  snch  a  manner  aa  to  act  like  aD  adze;  i 
general  they  are  applied  to  the  wood  like  a  chisel  and  driven  in  with 
heavy  clnb  inst«ad  of  a  mallet.  Keither  the  weight  of  the  tool  nor  tli 
sharpness  of  the  metal  will  admit  of  their  beiug  handled  either  asadi 
or  ax  with  any  degree  of  success," 

This  testimony  of  a  modem  eye-witness  Jo  the  working  and  nae  i 
copper  by  aborigines  is  very  instructive,  and  it  requires  little  imagini 
tion  to  see  that  we  have  here  a  reproduction  of  the  conditions  that  pn 
vailed  on  Keweenaw  Point  two  and  three  hundred  years  before.  Tl 
enmmer  visits  of  the  miners,  the  manufacture  of  the  copper  into  too; 
and  weapons,  some  to  be  used  in  the  neighborhood  and  others  to  I 
carried  away  for  barter — for  Hearne  gives  the  rate  of  exchange  betwee 
copper  and  iron  from  tribe  to  tribe — were  doubtless  the  same  in  bot 
cases;  even  the  mythical  or  "medicine"  feature  of  the  subject,  whic 
was  noticed  by  early  writers  in  the  stones  of  the  Indians  of  Lat 
Superior,  is  not  wanting  here.  The  Coppermine  story  was  that 
woman  (who  wat)  a  magician)  was  the  discoverer  of  the  mine  and  use 
to  conduct  the  Indians  there  every  year.  Becoming  offended,  sb 
refused  to  accompany  the  men  on  one  occasion  when  they  left  the  plac« 
after  loading  themselves  with  copper,  but  declared  that  she  would  si 
on  the  mine  until  it  sank  with  her  into  the  ground.  The  next  yea 
when  the  men  returned  (women  did  not  go  on  these  expeditions)  sli 
had  sunk  to  the  waist  and  the  quantity  of  copper  had  much  decreasec 
On  the  next  visit  she  had  disappeared  and  the  principal  part  of  tli 
copper  with  her,  leaving  only  pieces  here  and  tliere  on  the  sur&d 
Before  this  untoward  event  the  copper  was  so  plentifnl  that  the  Indian 
had  only  to  turn  it  over  and  pick  ont  snch  pieces  as  would  best  siii 
the  different  uses  for  which  they  intended  it. 

From  this  account  it  will  be  seen  that  it  is  not  necessary  to  imagin 
a  mysterious  and  extinct  race  more  advanced  in  industrial  arts  tha 
Indians  to  a^icount  for  the  ancient  mines  on  Lake  Superior.  Besidei 
other  workings  requiring  as  much  labor  havebeeu  carried  on  by  Indiam 
The  catllnite  or  ptpestone  quarry  in  Minnesota  was  worked  far  int 
the  present  century.  The  mica  miue.s  in  North  Carolina,  which  ar 
now  worked,  were  operated  in  a  way  and  to  an  exteut  suggestive  of  th 
Lake  Superior  copper  niine.i,  and  were  abandoned,  according  to  Prol 
Kerr,  the  geologist  who  examined  them,  a  little  over  three  hundre< 
years  ago,  or  after  the  arrival  of  the  whites.  There  are  also  novacalit 
mines  in  Arkansas,  obsidian  workings  in  (he  Yellowstone  Park,  soai 
stone  iwttery  quarries  in  several  placi'S  in  the  Eastern  States  and  i 
California,  and  especially  the  astonishingly  extensive  workings  at  Fliii 
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Ridge,  Lickitig  Gouuty,  Ohio,  wliere  cUert  whs  miued  aud  manafactured 
ioto  varioas  articles  at  "  workshops"  on  the  gmuuds.  Some  of  tbeao 
Tarioos  diggings  were  niidonbtedly  tlie  work  of  "Indians;"  what  the 
others  were  must  be  left  to  arcbieologists  to  decide.  All  give  evidence 
that  the  natives  of  the  coaiitry  were  close  observers  and  posttessed 
a  considerable  degree  of  skill  in  detecting  and  obtaining  the  varioua 
minerals  wbicli  pleased  their  taste  or  were  of  use  in  tleir  simple  lives. 

The  reason  which  has  been  given  for  sapposing  that  the  ancient 
miners  on  Lake  Superior  had  disappeared  before  the  arrival  of  the 
irhitee  is  that  the  Indians  made  no  mention  of  the  mines  to  the  French 
aDd  had  no  tradition  about  them.  Bnt  the  Arst  French  explorers  of 
the  St.  Lawrence,  who  left  a  recoi'd  of  their  voyage,  were  informed  by 
the  Indians  even  of  the  Gnlf — over  1,500  miles  away— that  copper  came 
from  a  distant  country  in  the  west,  and  this  statement  was  confirmed 
uthey  proceeded  np  the  river.  The  same  Ht«)ry  was  repeated  a  hun- 
dred years  later,  after  settlements  had  been  made,  and  it  jH^rsisted  nntil 
tbe  »onrce  of  the  copper  was  found. 

In  the  accoant  of  Cartier's  second  voyage,  in  1535,  given  in  Uakluyt, 
it  is  stated  that  the  natives  of  the  south  shore  of  the  Gulf  of  St.  Law- 
rence informed  him  that  the  way  to  Canada  was  toward  the  west,  and 
tliat  the  north  shore  before  Canada  was  reached  was  the  beginning  of 
Sagneoay,  "and  that  thence  commeth  the  re<l  copper  of  them  named 
Caignetdage."  Subsequently,  at  Hochelaga  (Montreal),  tlie  natives 
described  to  the  French  the  voyage  up  the  St.  Lawrence  and  the  Ottawa 
to  Sagnenay.  "  Moreover,  they  ohowed  ns  with  signs  that  the  said 
three  &ls  being  past,  a  man  might  saylo  the  space  of  three  monetbs 
mK  aloQgRt  that  river,  and  that  along  the  hills  that  are  on  the  north 

Ht  there  is  a  great  river  which  (even  as  the  other)  commeth  from  the 
vtst,  we  tbongbt  it  to  be  the  river  that  runneth  through  the  countrey 
«f  Sagnenay ;  and  without  any  sign  or  question  moove<l  or  asked  of 
Chen),  they  tooke  the  chayne  of  our  Gaptaines  whistle  which  was  of 
ntver,  and  the  dagger-haft  of  one  of  our  fellow  Mariners,  hanging  on 
his  side  being  of  yellow  copper  gilt,  and  shewed  ns  that  such  stuffe 
fame  from  the  said  River."  "  Our  Captaine  shewed  tliein  re<lde  copper, 
vhich  in  their  language  they  call  Caignetadze,  and  looking  towards 
Uiat  countrey  [in  a  different  direction  from  Saguenay],  with  signs  asked 
them  if  any  came  from  thence,  they  shaking  their  heads  answered  no; 
bnt  they  shewed  us  that  it  came  from  Sagnenay."  "But  the  right  and 
ready  way  to  go  to  Saguenay  is  np  that  way  to  Hochelaga  [Montreal], 
^d  then  into  another  [river]  that  commeth  from  Saguenay  [the  Ottawa] 
and  then  entereth  into  the  foresaid  river  [the  St.  Lawrence]  and  that 
tbete  is  yet  one  moneths  nayling  thither.  Moreover  they  told  us  and 
cave  uB  to  understand  that  tliere  are  people     -  ■     and  many 

inhabited  towns  and  that  they  have  great  store  of  gold  and  red  copper 
■  -  ■  and  that  beyond  Saguenay  the  said  river  entereth  into  two  or 
three  great  lakes,  and  that  there  is  a  sea  of  fresh  water  found,  and  as 
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heard  uay  of  those  of  Saguenay,  there  was  uever  man  beard  ol 
I  out  the  end  thereof,  for  as  they  told  os  they  themselves 
r  there." 

g  for  the  dilHrulty  of  communicating  by  sigim  and  the  mm} 
'  misimderstanding,  of  which  the  interpretation  of  the  Indiat 
3au  gohl  is  doubtless  an  iiistance,thisis  a  geographical  descrit^ 
1  can  almost  be  followed  on  the  map,  and  the  account  showi 
:.  Lawrence  Indians  knew  that  the  copper  they  had  came  froii 

the  west  where  there  were  great  lakes  and  a  "  sea  of  fml 
['bis  was  all  hearsay  with  them,  as  they  had  never  visited  tlic 
nntry,  which  was  inhabited  by  other  tribes.  But  it  seems 
oagh  that  there  was  at  that  time  a  widely  diffused  kuow]e<lg< 
rve  of  the  copper,  which  would  hardly  bave  been  the  case  i 
'  had  ceased  two  or  three  generations  before.  When,  over  i 
rears  later,  French  settlements  had  been  established  anc 
d  missionaries  began  to  puKh  forwanl  to  the  great  <*  sea  o 
jr,"  they  continually  encountered  the  statement  that  eopi*' 
lund  on  its  shores,  and  Indian  guides  tinally  took  them  t4 
e  localities  where  the  metal  had  formerly  been  mined,  an<i 

was  still  occasionally  obtained.  Copper  specimens,  some 
irge  size,  all  reported  as  coming  from  Lake  Superior,  were 
nion,  at  this  time,  as  the  following  extracts  show,  Emd  it  spems 
lat  Indians  still  visited  the  old  diggings  and  carried  aws; 
s  of  copper  as  they  could  find. 

j6  Sagard,  who  was  a  missionary  to  Sew  France  about  the 
I  gave  an  acconut  of  the  resources  of  the  country  in  to 
oyagc  du  pays  des  Hurous,"  published  at  Paris  in  1632.  He 
oetrate  as  far  ag  the  upper  lakes,  but  says  that  there  were 
lies  in  that  distant  ctmntry  which  might  prove  profitable  11 
a  white  jiopulation  to  support  tbem  and  miners  to  work  them, 
lid  be  the  case  if  colonies  were  established.  He  saw  a  spwi- 
pper  friim  the  mines,  which,  be  says,  were  80  or  100  leagiiw 
im  the  country  of  the  Hurons.  In  Margry's  Deeottrrrtei  ei 
Hfs  dc*  FraneaU,  Premiere partie.  rogaget  de»  Fraiicais»«rle» 
«,  lOli-V.^i,  p.  81,  is  an  extract  from  a  letter  relating  to  an 
n  for  copper  written  by  Sieur  Patonlet  in  Canada  to  Colbert 

It  i$  dated  at  Quebec,  November  11, 1G69,  and  is  as  foDom^-' 
Toilet  and  IVnc,  lo  whom  M.  Talon  paid  100  and  400  livrea 
It,  to  explore  for  the  copiier  dci»osit  which  is  above  Lake 
•t^-iniens  from  which  youhave  seen,  andasi-ertain  if  it  is  abund- 

0  work,  and  if  tliere  is  easy  traDs;Mirtation  hither,  have  not  yet 
The  firtit  n»me<)  should  have  been  here  in  September,  bnt 

1  news  of  him  yet.  po  that  a  w|>ort  of  what  may  be  expected 
e  nni>t  be  pos{i«orif<l  nnlil  next  ye;ir.~  On  page95of  tlie 
ne  is  »  letter  fn«n  .\vm\  Talon  to  the  king,  dated  Qnebef. 
2,  ItiTl,  in  which  iKx-ur^  the  futlowiiig  reference  to  copper, 
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one  locality  of  which  had  then  become  known :  "  The  copper  specimen 
Irom  Lake  Superior  and  the  Nautaonag'oii  (Ontonagon)  River  whicli  I 
send,  indicates  that  there  is  some  deposit  or  some  river  bank  which 
yields  this  snbstance  in  as  pure  a  state  as  conlil  be  wished,  and  more' 
tliau  20  Frenchmen  have  seen  a  mass  of  it  in  the  lake  which  they  esti- 
mate at  eight  hnnd  red -weight.  The  Jesuit  fathers  among  the  Uttawas 
use  iui  anvil  of  this  metal  which  weighs  about  100  pounds.  It  only 
remaiDB  to  find  the  source  of  these  detached  pieces."  He  then  gives 
some  description  of  the  Ontonagon  Kiver,  in  which  lie  attempts  to 
account  for  the  formation  in  sitn  of  the  copper  specimeus  found  in  its 
neighborhood  {galeU  de  ce  mestail,  evidently  float  copper),  and  goes  on 
toKty:  "It  is  to  be  hoped  that  the  frequent  Journeys  of  the  Indians 
ud  French,  who  are  beginning  to  make  expeditions  in  that  direction, 
Kilt  result  in  the  discovery  of  the  place  which  furnishes  such  pure 
metal,  au<l  that  without  expense  to  the  king." 

The  passages  from  the  Jesuit  Relations,  which  have  been  often  qnoted 
in  this  connection,  show  that  the  mining  districts  were  well  known  to 
tlie  Indians.  Father  Bablon,  in  the  Relations  for  1669-'70,  describes 
liifse  places,  of  which  he  was  informed  by  the  Indians.  The  first  was 
Michipicoten  Island,  on  the  east  shore  of  the  lake;  then  came  St.  Ignace, 
im  tbe  north  shore,  and  then  Isle  Royale,  "celebrated  for  its  copper, 
Tbere  could  be  seen  in  the  cliffs  several  beds  of  red  copper  separated 
Hm  each  other  by  layers  of  earth."  The  other  principal  locality  was 
tlie  Ontonagon  river,  from  which  place  the  French  had  received  a  cop- 
per specimen  three  years  previously  which  weighed  100  pounds.  The 
ludiaQ  (Ottawa)  women  of  this  region,  the  father  says,  while  digging 
W(8  for  corn,  used  to  find  pieces  of  copper  (float  copper)  weighing  10 
aDd  20  ponuds.  A  hundred  years  later  Alexander  Henry  mentions  the 
(uw  thing  of  this  locality,  and  adds  that  the  Indiana  beat  the  pieces 
or  iK)pper  into  bracelets  and  spoons.  Father  DabloD  goes  on  to  say 
Ibit  opinions  differed  as  to  the  place  the  Ontonagon  copper  oame  from 
Gune  thinking  it  was  near  the  forks  of  the  river  and  along  the  eastern 
branch  (near  the  old  workings),  whUe  other  guessers  jilaced  it  elsewhere. 

The  information  the  Indians  gave  was  not  spontaneous,  for  Father 
iJablon  says  that  it  lequired  some  address  to  induce  them  to  reveal  the 
■uineralogical  secrets  which  they  wished  to  conceal  from  the  whites. 
Iliw  reluctance  to  give  information  about  mineral  localities  has  sur- 
vived down  to  a  very  recent  period,  and  stories  arc  knowu  to  the  older 
residents  of  the  copper  district,  some  of  them  amusing  enough,  illus- 
trating this  trait.  At  all  events,  Father  Dablun's  Indians  knew  pre- 
':isely  where  the  old  mining  localities  were.  He  says  he  was  assuretl 
tfaat  in  the  land  to  the  south  there  were  deposits  {mines  is  the  French 
^ord)  of  the  metal  in  various  places.  He  had  just  been  speaking  of 
Keweenaw  Point,  but  the  connection  is  not  clo-se  enough  to  warrant 
tlie  inference  that  he  meant  immediately  to  the  south  of  the  jHWut.  If 
that  could  be  shown,  there  would  be  a  direct  ret^reucv  to  the  "dif 
ginga"  on  the  peninsula.  d  q  zee  b>  C^tlCJ  Ic 
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tiflDclies  in  the  woods  had  long  been  covered  and  contained  no  visible 
coj)per.  They  possessed  only  an  antiquarian  interest  to  which  the 
Indians  were  strangers,  and  also,  as  Father  Dablon  relates,  his  Indian 
friends  were  not  disposed  to  give  more  information  than  they  oonld 
help. 

The  first  systematic  exploring  or  "prospecting"  party  to  search  for 
tbe  Ontonagon  lode  was  sent  ont  from  Quebec  about  tbe  same  year  that 
Father  Dablon  described  the  place,  viz,  1669.  The  expedition  returned 
withoat  accomplishing  itH  object  for  want  of  time,  and  was  meton  Lake 
Erie  by  La  Salle's  party  going  to  tlie  Mississippi.  So  mining  was  done 
Ibere  until  a  hundred  years  later  under  Alexander  Henry. 

Tlie  foregoing  extracts  from  the  acconnt  of  Oartier's  voyage,  the 
Abb6  Sagard,  tlie  Jesuit  Belations,  and  Margry,  show  the  continuity 
if  the  ancient  or  pre-Columbian  mining  on  Lake  Superior  and  the  niod- 
mt.  As  soon  as  the  French  arrived  at  the  St.  Lawrence  in  1535,  they 
found  tJie  natives  knowing  proportionately  as  much  about  the  distant 
noDTce  of  the  copper  they  possessed  as  the  ordinary  ttaatern  citizen  does 
now.  Over  a  bandred  years  later,  after  settlements  had  been  made, 
there  was  still  living  knowledge  that  copper  came  from  Lake  Superior, 
and  especially  the  Ontonagon  Biver,  where  it  was  easy  to  find  float 
citpper.  But  during  this  long  period  active  importation  of  European 
articles  bad  been  going  on  so  that,  as  tho  Chippewa  chief  explained, 
italjve  industries,  including  the  search  forcx)pi>er,  bad  been  interrupted. 
Iron  articles,  knives,  hatchets,  weapons,  and  innumerable  other  desira- 
ble things  made  it  unnecessary  for  the  Indians  to  exert  themselves  in 
«iploiting  the  old  source  of  supply.  But  when  the  French  began  to 
inqnire  for  copper  they  were  taken  to  the  precise  localities  where  the 
metal  had  formerly  been  obtained  which,  like  all  luining  districts,  were 
full  of  abandoned  and  forgotten  workings,  and  they  were  shown  the 
metal  in  place. 

Native  copper,  as  has  been  said,  occurs  si>aringly  in  several  places 
in  the  eastern  part  of  the  country.  In  the  Appalachian  region  ores  oi 
copper  occur  and  have  been  extensively  mined,  bat  native  copper  does 
not  occur  there  except  ns  a  mineralogical  rarity.  Nevertheless  it  has 
been  suggested  that  coi)per  was  produced  in  that  part  of  the  country 
in  pre- Col  a  mb)  an  times.  If  this  were  so  there  should  be  evidences  oi 
olil  mines  and  of  smelting  operations  of  some  kind,  because  copper  ore 
muBt  be  smelted  to  produce  the  metal.  No  old  workings  in  that  region 
have,  however,  yet  been  identified  as  pre-Columbian  copper  mine.-s,  and 
DO  traces  of  aboriginal  smelting  have  been  discovered  to  support  the 
"ntcgestion.  Ancient  mica  mines  have,  indeed,  been  discovered  in 
^'o^th  Carolina  which  are  now  worked,  but  if  the  Indians  mined  for 
copper  at  all  in  that  mineral  district  the  fact  remains  to  be  proved- 
Moreover,  the  Smithsonian  collection,  so  far  from  showing  a  compara- 
tive abundance  of  copper  articles  from  the  Appalachian  region,  as 
would  he  expeite^I  if  it  had  been  a  center  of  distribution  like  Kewe 
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fntODagon  in  the  North,  has  remarkably  few  copper  relics 
CaruliiiaH,  (leorgia,  Alabama,  aud  Tenuessee.  The  idea 
arose  fi-om  the  statements  in  the  account's  of  the  Spanish 
Df  thin  region  and  of  the  French  and  English  colonies  on  tbe 
^  t^oto'H  march  was  a  continuous  pursuit  of  an  iffnis  fatuM. 
Id  that  golil  or  copper  and  other  riches  were  in  the  Appula- 
tl  wan  kejtt  pi-rpetually  on  the  move  after  them,  while  they 
[)  in  tlio  most  tant^ilizing  manner.  He  did  find  pearls,  atiil 
n  largo  quantities;  the  contents  of  graves  show  that  that 
'<;allh  really  existed.  But  that  other  form  of  wealth — ••» 
'  gold  or  copper" — which  he  coveted,  kept  moving  before  liicn 
to  town  and  tribe  to  tribe  all  through  his  weary  journey, 
ror  found  it.  The  Spaiiiardson  the  Florida  coast  in  the  folW- 
n'ure  persaiided  that  there  was  great  mineral  wealth  of  some 
le  Appalachians,  and  told  of  a  towu  in  the  region  where  tbc 
rciii  supiHised  to  be,  which  they  called  La  Grand  Copal.  Tliit 
Niiid  to  be  00  leagues  northwest  of  St.  Helena,  on  the  SoutL 
oast. 

's  unin'li  was  undertaken  in  1539.  In  1662  the  French  estab 
lovt'lived  colony  at  Port  Hoyal,  S.  C,  under  Capt.  Bibanlt 

*  HUfciedtHl  two  years  later  by  another  at  the  river  of  Ma> 
:>hn*s),  in  charge  of  Kene  Laudouoiere,  the  history  of  wbicli. 
ragic  enil.  was  brought  prominently  to  notice  by  Parkmaii 
s  ago.  liuudouniere  wrote  a  full  description  of  the  resomeei 
iitry,  in  the  course  of  which  he  says  (Haklnyt's  translation) 
found  amongst  the  ssivagcs  good  quantitie  of  gold  and  silvei 
gotten  outof  theshippes  that  are  lost  upon  the  coast,  as  I  havt 
d  by  the  Savagea  themselves.  They  nae  traffique  thereof  out 
lier.  Aud  that  whicU  makcth  me  the  rather  believe  it,  is  thai 
ist  tonanls  the  cape,  where  commonly  the  alii)qies  are  casi 
re  is  mor«>  stoieof  silver  than  towards  the  north.  Nevertlie 
say  that  iu  the  mountains  of  Appalatcy  there  are  mines  ol 
liiehl  thinke  tolK'golde,"  Fi-om  these  mountains  came  "twc 
fine  christiil."  which  weii'  presenU-*!  to  the  French,  togetIii?r 
nil>er  of  i>earK  and  thoy  lejtrniHl  fn>ni  the  Indians  that  there 
Infinite  <|uanlily  of  slate  stone,  wherewith  they  made  wedges 
their  wood,"  in  the  same  mountains.  A  "king"  of  the  conu- 
near  these  mouutaius  sent  I^iudonnicre  *'  a  platcof  a  miuerail 
'  out  of  this  niiiuntaino.  out  of  the  UhH  whereof  there  rnnneth 

of  guide  or  copjH'r,  as  the  s;u-i»ges  thinke,  ont  of  which  they 

•  ssnid  with  an  holli>w  and  drie  cjine  of  reed  until  the  cane  be 
■ward  thcv  shake  it,  and  limlc  that  then>  are  many  small  graiues 
and  silver  anion;:  Ibis  nuuI  :  which  givfth  them  to  uuderstaml 

lii-h  mine  nnist  ne.-ils  W  in  the  mountainc."' 
•ipanianls  h:(d  nut  Ihh-o  "  pmsiKH-ting"  through  thispartol 
ry  twenty  yciir^  ln'iore.  thi«  would  be  a  piost  interesting 
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Hccount  of  primitive  pauuing,  aii  operation  familiar  to  all  gold  pro- 
sjiecturH  and  known  iu  many  jiiirts  of  tlie  world.  Itut  iht;  tiuspicion 
arisen  that  tbn  Indianti  had  Matched  tbe  Spaniards  ojterating  iu  tliis 
vay  in  the  sti'eams  in  their  search  for  gold  and  were  describing  their 
method.  Tbe  description,  inoreoi'or,  could  not  apply  to  copper, 
altliongh  it  is  trae  of  gold,  which  in  fonnd  in  the  sancls  of  tbe  streams, 
and  is  "panned  ont"  in  the  manner  described.  Tbe  effort  to  find  cop- 
per from  this  mineral  region  was  nnavailiug.  On  Itibanlt's  arrival  to 
succor  Landoiiniere's  party,  the  Indians  offered  to  conduct  him,  in  a 
few  days' journey,  to  the  moautains  of  Apalat<'y.  "In  tboao  moun* 
laines,  as  they  sayd,  is  found  redde  copper,  which  they  call  in  tbeir 
language  SieroaPira,  which  is  as  much  to  tiay  as  redde  mettall,  whereof 
I  had  a  piece,  wlii<:h  at  the  very  instant  I  showed  to  Captnine  Bibault, 
which  i-aused  his  gold  finer  to  make  an  assay  thereof,  which  reported  ' 
nido  him  that  it  was  |>erfect  golde."  This  assay  confirms,  or  perhaps 
irus  the  cause  of,  Landouniere's  snimise  that  tbe  copper  of  Apalatcy 
was  gold.  It  is  not  easy  to  uudersbind  at  this  diHtancc  why  there 
sliould  have  been  any  difficulty  in  recognizing  tbe  metal  at  once. 
Tlierewas  evidently  aome  misunderstanding  or  misintei-jiretation  of 
the  itnestions  and  tbe  answers  between  tbe  French  and  Indians  in  ref- 
erence to  tlie  red  metal,  so  that  while  tbe  French  meant  copper  tbe 
iudiaus  understood  gold.  At  any  rate,  tbe  French  saw  no  copjier  from 
the  Appalachians. 

Sir  Valter  Raleigh  planted  a  colony  at  Roanoke  Island  in  1.585,  of 
vbich  Ralph  Lane  was  Hni>criatendent.  lie,  also,  Koon  heard  of  min- 
eral wealth  in  the  mountains  to  the  west,  and  was  eager  to  find  copjier 
Uiere.  It  mast  be  remembered  that  it  was  a  great  disappointment  in 
Europe  to  find  that  the  land  which  ('olumbus  and  his  successors  had 
discovered  was  a  continent,  and  incessant  attempts  were  made  to  find  a 
Tay  through  or  around  it  to  the  south  seas  and  Cathay,  which  were 
eontinaed  into  the  present  century.  Therefore  Ralph  Lane  wrote  that 
"tbe  discoverie  of  a  good  mine  by  the  goiKlncssc  of  Gotl,  or  a  passage 
to  the  south  sea,  or  some  way  to  it,  and  nothing  els  can  bring  this 
coontrey  in  request  to  be  inhabited  by  our  imtion."  And  particularly 
with  reference  to  the  rumored  mine  to  the  west,  he  says:  "And  that 
which  made  me  most  desirous  to  have  some  doings  with  the  Maiigoaks,' 
either  in  friendship  or  otherwise  to  have  had  one  or  two  of  them  pris- 
oners, war«,  for  that  it  is  a  thing  most  notonous  to  all  the  countrey, 
that  there  is  a  Province  to  the  which  tbe  said  Afangoaks  have  recourse 
and  trafique  up  that  river  of  Moiiatoc  (Itoanoke)  which  hath  a  mar- 
vellous and  most  strange  Miuentll.  Tbi«  mine  is  so  notorious  amongst 
them  as  not  only  to  the  savages  dwelling  up  tbe  said  river  and  also  to 
the  savages  of  the  Chawanook,  and  all  them  to  the  Westward,  but  also 
to  all  them  of  the  maiue;  tbe  countrey's  name  is  of  fame  and  in  called 
Cbaunis  Temoatan. 
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<  natiirsilly  prominent  in  tlieir  minds  when  the  strangers 
about  riches,  and  tliey  answered  ac(ror<)ing  to  their 
not  appear  that  coppei'  was  known  to  the  Southern 
ts  an  artiele  of  barter,  as  it  was  all  along  Ihe  coast,  but 
ace  with  them  in  point  of  production  that  copiier  occu- 
irthern  Indians. 

w,  the  whole  evidence— historical,  inineralogical,  and, 
it,  arch  ideological — it  appears  that  when  this  continent 
Euroi>eans  the  natives  of  the  country  were  in  the  full 
,  but  were  using  copper  to  a  slight  extent.  They  were 
f  it  in  a  desultory  way  in  the  Keweenaw  worlciogsjust 
Ding  mica  in  the  mountains  of  Il^oi'th  Carolina.  How 
teen  going  on  it  is  impossible  t^>  say.  The  metal  was 
for  ornamental  purposes  hi  the  Sonth,  where  it  was 
■e  it  was  plentiful,  in  the  Xorth,  and  particularly  toward 
■oduction,  it  was  put  to  a  practical  use.  There  is  at 
^iice  that  the  Indians  had  any  knowledge  of  smelting, 
essary  to  a  real  metal  age.  The  progress  ft'om  stone, 
to  bronze  conid  hardly  be  expected  on  the  northern  and 
this  continent,  because  there  was  no  tin  available  in 
d  eastern  ])arts  of  the  coui>try  with  which  to  make 
sure  the  Indians  liml  distant  neighbors  in  Mexi<M>  and 
ithern  Americii,  sonieof  whom  possessed  the  rudiments 
were  in  an  incipient  bronze  "age,"  from  whom  a  knowl- 
g,  whereby  copper  coul<l  be  obtained  from  its  ores, 
lave  been  acquired  in  the  course  of  centuries  by  the 
aboriginal  intercourse,  if  all  native  industrial  develop- 
ien  interrupted  by  the  inter^'ention  of  Europeans.  As 
,  it  seems  clear  that  metallurgy  w^as  not  known  amoag 
ican  Indians  when  this  continent  was  discovered. 
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By  E.  Tregkab. 


Perhaps  one  of  t)ie  motst  puzzlint;  problems  known  to  antbropologistK 
is  to  account  for  the  appareiit  dislikv  Hhowii  by  tbe  fair  Polynesians 
ill  the  uKe  of  the  bow  and  arrow.  Tbey  foaiul  the  mighty  weapon  of 
the  archer  in  the  baud^  of  almost  every  Melauesian  or  Papuan  inhabi- 
tttntof  tbe  neighboring  islands;  tbey  bad  experience  of  its  fatal  powers, 
and  yet,  except  in  the  case  of  the  Tongaus,  tlie  weapons  appeared  to 
be  viewed  with  disfavor  and  neglect, 

The  bows  naed  by  the  Tongaus  in  the  days  of  Cook  were  slight  and 
by  DO  means  powerfhl  iustmments.  Eiich  bow  was  fitted  with  a  single 
arrow  of  reed,  which  was  carried  in  a  groove  cat  for  that  pnri>ose  along 
tbe  Ride  of  the  bow  it«elf.  By  the  time  that  mariner  arrived  among 
these  islanders,  in  1800,  they  had  iiossessed  themselves  of  more  power- 
ful bows  and  arrows,  probably  procured  from  Fiji  or  imitated  from 
Fyian  weapons,  as  constant  intercourse  of  either  warlike  or  pacific 
character  was  then  going  on  between  the  Friendly  and  Fijian  inlands. 
Moreover,  they  bad  also  procured  guns  at  that  epoch. 

The  Hawaiian  weapons  were  spears,  javelins,  clubs,  stone  axes, 
hiives,  and  slings;  the  use  of  tbe  bow  being  confined  to  rat  shooting. 
The  Tabitians  nsed  the  bow  only  as  a  sacred  plaything;  tbe  bows, 
arrows,  quiver,  etc.,  being  kept  iu  a  certain  place  in  charge  of  appointed 
persons  and  brought  out  on  stated  occasions.  The  arrow  was  not 
aimed  at  a  mark,  but  merely  shot  off  as  a  test  of  strength  and  skill, 
one  archer  trying  to  shoot  farther  than  another.  The  Samoans  did 
not  nse  tbe  bow,  but  fought  with  the  club  and  spear,  the  sling  being 
the  missile  weapon,  as  it  also  was  in  the  Marquesas. 

In  regard  to  New  Zealand,  the  subject  has  been  handled  at  any 
length  only  by  two  writers.  The  first  was  Mr,  C,  Phillips,  whose 
paper  appeared  in  tbe  Trajisavliona  of  the  Xcir  Zealand  Institute,  \*ol. 
I.  p.  97.  The  article  did  not  deal  i^ith  the  bow  proper  so  nmirh  as  with 
tbe  weapon  known  to  tbe  Maoris  as  kotaka,  v/hich  consists  of  a  stick 
and  whip  with  which  a  spear  is  thrown.  Mr.  Phillips  made  some 
incidental  remarks  on  this  paper,  which  provoked  Mr.  Colenso  to  reply 
it  an  article  published  in  tbe  Transactions  of  the  New  Zealand  Institute, 
vol.  XI,  p.  IOC. 

•Fioip  ThtJottmal  of  the  I'olgneaian  Socieig  (Wolliii([ton,Kew  Zealnud),  for  April, 
l»S;  Vol.  1,  pp.  68-S9. 
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oiily  the  tribes  of  the  enrth,  hut  our  kiiowletlge  couceniing  them.  I 
received  lately  a  letter  from  ii  tVieiKl  tu  tlie  north  of  the  North  Islaud 
ofXewZealaud,  who  informed  nie  tluit  in  digging  a  drain  upon  bis 
property  at  Mangapai  he  came  upon  a  bow  in  a  perfect  Htate  of  preser- 
Tfttion.  It  was  lying  i[i  a  bed  of  sandy  cliiy,  the  surface  of  which  waa 
apparently  uudistnrbed  and  virgin.  The  finder  proceedeil  (in  the  usual 
fiisbion  which  horrifies  archieologists)  to  clean  hiH  treasure  trove;  but, 
Inckily,  before  he  had  finished  his  work  of  scraping  and  oiling  the  bow, 
a  friend  interfered,  and  the  original  Koil  adheres  to  a  portion  of  the 
weapon. 

I  have  deposited  the  bow  in  the  M  usenni  for  safekeeping.  It  is  6 
feet  4^  ioches  in  length ;  in  shape  resembling  the  bows  of  Fiji,  the  New 
Bebrides,  and  other  Melanesian  islands.  It  is  almost  certainly  a  war- 
bow,  and  it  would  try  the  strength  of  an  athletic  man  to  draw  aa  arrow 
to  the  head  upon  so  Btiff  an  arc.  It  was  unaccompanied  hy  any  relics 
whatever. 

Several  methods  of  accounting  for  the  deiMisit  of  the  bow  in  the 
k)cality  might  be  suggested.  It  might  have  been  buried  in  modern 
times  by  a  European  or  by  a  visiting  native  of  the  South  Sea  islands. 
This  is  improbable,  as  the  wea|>on  must  have  beeu  of  some  value  tu  its 
owner,  and  is  too  large  to  have  been  easily  lost.  Again,  the  bow,  if 
Dot  a  Maori  weapon,  might  have  belonged  to  some  prehistoric  inhabi- 
tuit.  There  seems  to  be  a  concensus  of  tradition  that  the  Polynesian 
and  Malayan  islands  were  once  peopled  by  races  exterminated  or 
driven  inland  by  the  present  occupiers  of  the  seaward  positions.  In 
Sew  Zealand  many  scholars  believe  that  the  Alaori  immigration  dis- 
possessed  a  people  then  in  occupation.*  If,  ou  further  testing,  the  bow 
should  be  found  to  be  of  Melanesian  pattern,  but  of  New  Zealand  wood, 
it  would  strengthen  the  theory  that  a  people  of  Melanesian  origin  once 
occupied  this  country. 

The  evidence  brought  forward  by  Mr.  (Jolcnso  in  bis  paper  makes  it 
almost  certain  that  no  Maori  withiu  historical  times  has  used  the  bow 
as  a  weapon.  But  did  the  ancient  Maori  use  the  bow  t  If  we  turn  to 
comparative  philology  the  answer  is  probably  in  the  affirmative.  The 
evidence  stands  thus: 

MALAYSIA.  Cajeli,  panah,  a  bow. 

tH&lay,  paaah,  a  bow.  Hassarntty.  panal,  a  bow. 

Jiva,}NiNafc,  a  bow.  Aittiaga,  baiiah,  a  bow, 

Bontoii,  opana,  a  bow.  Baju,  paiiah,  n  bow. 

^Isjer,  panah,  a  I>uw.  Magijitlano,  pana,  an  arrow. 

'Mncbof  Interent  on  this  subject  cuu  be  foiinil  in  M^or  Giidgeoti'Hurtk'leii  iu  tbe 
tfmlAty  A«rtne  (WetliDgtou,  New  Zealand,  Lyon  aud  Ittair),  vol.  ii,  pp.  5S5  and 
517.  See  also  the  article  on  flint  arrowheads  faiiud  near  Weltiu^on,  by  Mr.  T.  \V. 
Kiik,  IVaii«(iclJ(Hi«  of  the  Xae  Zealanit  Imliime,  Xiti,  436. 

tu  it  said  by  Malay  srholars  that  tbe  Malay  wnrd  panah,  "  a  bow,"  ia  connected 
"ith  the  Sanscrit  word  mna  or  tana,  "arrow. "  Tliis  vurialion  as  to  "bow"aud 
•'Know"  luay  be  found  iu  the  islands ;  but,  it  cotinect«d  with  Kanscrit,  the  wofd 
"goeswhon"  intoAsia.  ,-.  ■ 
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"Oil!  yesj  1  underntsxiid  it  all  now.  Electricity  is  tlie  ifther;"  or, 
"Ven;  it's  Just  like  evcrythiiifr  else:  electricity  is  a  vibrotioii."  These 
ire  tbe  remarks  one  Lears  niiide  by  those  wlio  tliink  ttint  a  few  8cat- 
tereti  words  picked  iip  at  a  popular  li'ctiire  make  tfaiugs  quite  dear. 
It  is  no  doubt  niifortuiiate  tliat  reppiifing  a  form  of  words  is  a  diflQ^rent 
matter  fVoin  understaiidiog  tbem,  and  Rtill  more  different  from  under- 
Ktnudiug  the  nubjeet  they  are  intended  to  explain.  In  this  case  there 
is  the  iuldetl  misfortune  that  the  fomi  of  words  is  not  accurately 
repeated,  and  in  its  inaccurate  form  docs  not  mean  what  is  true.  It  is 
often  hardly  vorth^hileremarkinf:  this  to  those  who  make  these  state- 
ments, becauBe  the  wonU  convey  to  them  little  or  no  signification,  and 
are  to  them  as  true  as  any  other  unmeaning  sentence.  Tlie  connection 
between  electricity  and  tlie  rcther  is  certainly  not,  an  far  as  is  known, 
well  des<rri bed  by  saying  that "  electricity  is  the  iether,"  and  we  can  not 
say  with  any  certainty  that  electricity  is  or  is  not  a  vibration.  Hertz's 
experiments  have  given  an  experimental  proof  of  Maxwell's  theory  that 
tWtrical  phenomena  are  due  to  the  a>ther,  and  Herzt's  experiments 
ileal  with  vibrations.  One  can  not  however  say,  because  the  pressure 
of  15  pounds  per  square  inch  exerted  by  the  atmosphere  is  due  ti)  the 
lir,  that  therefore  "pressure  is  the  air";  nor  even,  because  a  iierson 
who  studied  the  properties  of  the  air  had  studied  them  by  means  of 
WHinds  propagated  through  it,  can  onea-ssert.  that  "pressure  is  a  vibra- 
tion," It  is  to  be  hoped  no  one  will  now  assert  that  "electricity  is 
pressure."  The  example  is  given  to  illustrate  the  ahsunlity  of  the  state- 
ments made  as  deductions  from  recent  experiments,  and  not  to  teach 
any  new  theory.  And  yet  one  comes  across  people  who,  after  listening- 
to  an  interesting  lecture  Lord  Hayleigh  miglit  give,  illustrated  by  Mr, 
Boys's  sound- pressure  meter,  would  make  the  above  statements,  and 
really  think  they  understood  them. 

The  subject  is  verj-  diflicult;  one  that  has  engaged  the  attention  of 
tbonghtful  and  clever  men  for  many  years,  and  is  still  in  many  parts, 
even  to  the  most  acute,  shrouded  with  difficnlties,  uncertainties,  and 
things  unknown,  so  tiiat  nobody  need  he  the  least  ashamed  of  not  fol- 


'Fiom  Satim,  April  9, 1891 ;  vol,  xuii,  pi>.  636-5.38;  ituil  May  T  iiiiil  U,  I8!ll ;  vol. 
xuv.pp.  12-14,  mil  31-^. 
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vibrate  in  its  tail.  How  eau  a  medium  liave  tliese  coutrary  properties* 
floir  otn  it  offer  an  imperceptible  resistauce  to  tbe  comet,  and  yet  take 
np  the  vibrations  of  the  atoms  t  These  are  hard  questions,  and  science 
has  as  yet  but  dim  a..8wers  to  them,  liardly  to  be  dignified  by  the  name 
of  aosvers — rathet  dim  analogies  to  show  that  tbe  properties  supjtosed 
toeo^esist,  thoagli  seeming  contradictory,  are  not  so  in  reality. 

Oae  of  the  most  beautiful  experiments  man  knows — one  fraugbt 
with  more  snggestions  tban  almost  any  hundred  others — is  that  by 
which  a  ring  of  air  way  be  thrown  through  the  air  for  many  yards,  and 
two  such  rings  may  hit,  and  shivering,  rebound.  These  rings  move 
In  curved  paths  past  one  another  witli  almost  no  resistance  to  their 
■otion,  urged  by  an  action  not  transmitted  in  time  &om  one  riug  to 
iBother,  but,  like  gi-avitation,  acting  wherever  a  ring  may  be,  and  yet 
Ibe  air  through  which  they  move  can  take  up  vibrations  from  the  rings 
Ihowing  thus  that  there  is  no  real  contradi<;tion  between  the  properties 
;tf  things  moving  through  a  medium  nnresistedly  in  certain  paths  round 
Me  another,  and  yet  transmitting  other  motions  to  the  medium.  This 
jume  air  can  posh  and  pull,  as  wheu  it  sucks  up  waterspouts  and  deals 
jdeHtmction  in  tornadoes.  Hence  there  seems  no  real  contradiction 
lietweeu  a  medium  that  can  push  and  i>ull  and  transmit  vibrations,  and 
yet  offer  do  resistance  to  such  fragile,  light,  and  large-extended  things 
M  rings  of  air. 

.  It  is  important  to  uuderstand  something  about  the  projierties  that 
medium  must  have  in  order  to  explain  light,  electricity,  and  mag- 
im,  because  there  is  no  use  expecting  a  medium  to  possess  contra- 
[dictory  properties.  It  is  also  well  to  recollet^t  that  for  about  two  hun- 
years  the  existeii;^  of  a  medium  by  which  light  is  propagated  has 
considered  as  certain,  and  that  it  would  be  very  remarkable  if 
ttiH  medium,  which  can  be  set  in  vibration  by  material  atoms,  acted 
en  matter  in  no  other  way.  It  seems  almost  impossible  but  that  a 
Btedinm  which  is  moved  by  atoms,  and  which  sets  them  into  motion, 
should  be  able  to  move  such  armies  of  atoms  as  we  deal  with  in  material 
bodies.  Even  if  we  knew  nothing  of  electricity  and  magnetism,  it 
would  be  natural  to  look  for  some  important  phenomena  due  to  the 
action  of  this  medium  on  masses  of  matter.  The  medium  is  a  vera  caum, 
wA  if  it  can  be  bIiowq  that  the  same  set  of  properties  by  whic^li  electric 
wA  magnetic  forces  are  explained  will  also  enable  it  to  transmit  vibra- 
tioDB  that  have  all  tbe  properties  of  light,  it  will  surely  be  beyond  a 
doabt  but  that  these  electric  and  magnetic  actions  ai'e  those  very  ones 
"e  wonkl  natnrally  exi^ct  fnim  the  medium  that  propagates  light. 

Clerk  Maxwell  some  years  ago  showed  that  this  was  ko,  but  as  far  as 
any  fects  known  at  that  time  could  prove,  there  were  other  theories  of 
electric  and  magnetic  actions  which  explained  tliuii-  known  phenomena 
without  the  intervention  of  a  medium.  The  matter  stood  somewhat 
tlins:  The  older  theories  of  electric  and  magnetic  force  explained  all 
ptieiiomeua  then  known.    These  older  theories  assumed  that  electric 
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fictions  were  not  pnipacat^d  instiiutaiieously,  but  were  propagated 
with  tbe  velocity  of  ligiit.  Acconliug  to  lii.s  tUeory  an  electric  disturb 
aiice  occurring  on  the  Kun  would  not  produce  any  effect  on  the  earth 
lor  about  eight  miautes  after  its  occurrence  on  the  sun.  No  experi- 
meiits  wei-e  known  to  test  the  truth  of  this  deduction  until  the  genius 
of  Hertz  brought  some  of  the  most  beautifully  conceived,  ingeuioiisly 
<levi8ed,  and  laborionsly  executed  of  experiments  to  u  brilliantly  suc- 
I'eseful  conclusion,  and  demonstrated  the  iiropagntion  of  electric  and 
magnetic  actions  with  the  velocity  of  light,  and  thereby  proved  experi- 
mentally that  they  are  due  to  that  »aine  wonderful,  all -pervading 
inetlioin  by  means  of  which  wc  get  all  the  energy  that  makes  life  here 
possible. 

The  problem  to  be  solved  venB,  arc  electric  and  tuaguetic  actions  )u-opa- 
^ted  from  place  to  place  in  a  finite  time,  or  are  they  simultaneous 
ererywhere  1  How  can  cxjicriments  be  made  to  decide  thisf  Consider 
ilie  corresponding  problem  in  sound.  What  methods  arc  there  for  de- 
ttnniDing  the  rate  at  which  sound  is  propagated  1  An  experiment  that 
meaanrefi  the  rate  can  tcli  whether  that  rate  is  finite  or  whether  it  is 
infinitely  grrcat.  There  are  two  importiint  methods  employed  for  meas- 
uring the  velocity  of  sound.  The  second  is  really  only  a  moditication 
of  tie  first  dire<-t  method,  as  will  be  seen.  The  direct  method  is  to  make 
a  Biiddeu  sonud  at  a  xtlaee  and  to  find  how  long  afterward  it  reaches 
a  ilisttnt  place.  In  this  method  there  is  refjuired  some  practically  iu- 
Htaiitaueous  way  of  comnmnicating  between  the  two  ]>laces,  so  that  the 
distant  observer  may  kuow  when  the  sound  started  on  its  journey.  A 
mvdification  of  the  method  docs  not  require  this.  It  depends  on  the 
a>e  of  reflection.  If  a  sound  be  made  at  a  distance  fi'om  a  i-eflecting 
arface,  the  interval  of  time  between  wjieu  the  sudden  sound  is  made  and 
I  'lien  the  reflected  sound  (the  ectio)  returns,  is  the  time  the  sound  took 
'  lo  travel  to  tlie  reflector  and  back  again.  A  well-kiiown  mndificatitni 
I  of  tliis  method  can  be  applied  if  we  can  secure  a  -succession  of  sudden 
I  winuds.  such  as  taps,  at  accurately  equal  intervals  of  time.  We  origi- 
t  iiate  such  a  regular  succession  of  tajis,  and  alter  the  distance  fl'om  the 
I  reflector  until  eai'li  reflected  tap  occurs  simultaneously  with  the  succeed- 
ing incident  tap.  Or  if  the  distance  at  which  we  can  put  the  reflector 
bf  sulficiently  great,  we  may  arrange  it  to  be  such  tliat  a  lefiected  tap 
is  heard  siiniiUaneousIy  with  the  second,  third,  fourth,  or  any  desired 
unci-eediug  tap.  The  coincidence  of  the  taps  with  their  reflections  can 
be  fairly  accurately  observed,  and  a  fairly  accurate  estimate  formed  of 
ihe  velocity  of  sound,  i.  c,  the  velocity  at  which  a  eoinpressingor  rare- 
fying of  the  air  is  propagated  by  the  air.  Instead  of  altering  the  dis- 
tance of  the  source  of  sound  from  tlie  reflector,  we  miiy  cmrselves  move 
about  between  the  source  and  tlie  rcfleirtor,  and  wc  <5an  find  some  places 
where  the  reflected  tai)S  occur  simnltanconsly  with  the  incident  taps, 
and  Riime  places  where  they  occur  between  the  incident  ones.  This  is 
pretty  endeut,  for  if  we  start  from  the  source  towaid  the  reflector, .'"' 


jt  -bK  FMlectctl  taps  earlier  and  the  iDcident  on 
Tt«  jt  -he  -iooree.     How  fer  mast  we  go  town 

T  iLU  -tii?  .wiidaal  and  reflected  taps  may  again  u 
■v_  :aiLrt  ^w  lialf  th*  distance  that  a  tap  is  prop 

t'-  «-w.*n  rwi)  taps— half  the  distance,  bwaa. 
-^  ™«rrt-  w  an-  ;ipproaohing  the  reflector  and  t 

-' '"  ^'t  '"ii'  ^t  rhe  original  ones  later,  but » 

,r-  «:■«-.  .uui  >o  <!»(iiicidence  will  have  ajni 

-  ^  -*■■"  -""•'  "i^  t^hf  'iistimee  between  any  pai 
-•-..  :,   3  -i;^   ur.     ^'..w.  if  the  taps  sacceed  ok 

■-;i;i.  r  a  ne  ur  ijOTwwa  any  two  of  them  Ini 
:  r  "liMiieraiji*:  my  .me  of  them  will  go  a  rot 
~-  :i  -:.■  -ourr.-  Vion* :  r»  -sux-essor  is  started  aft* 
-_-- .   :c^  ■4ii:t-MHi  >ne  ui.tcliw  rapidly,  the  distant 

^    -^    .-,.-    T-:ii   vutii  i  tap  travels,  and  (  b 

..~y^  -a  ,— jv,.  -jiiit,  la*  distance  apart  of  tb 

t    _       .:    «■  .^-.     3 ;  iz-icgiDg.  theu,  that  (h 

.ii=    ^'    :•---    ■•"-  -aimd-.  ^  *- by  making  f  siuall 

T.i  ■    •^  -=i-J.  UUI-  rjaK  o.Mi«e<]aentiy  the  oie 

~...—    <    -»■  :;'i  »ii»i   ~nt  nrz^tfting  wail  may  b 

„ir    ...._     I-  -JiJiin  ■^''■^ril  places  at  distanwi 

:-   *ir-r   ..'-    uf  ■-'11^':, c  where  the  iiiciden 

..    ;    ^,1     -...-^-^^i'-      \i'w.  A  \-ery  rapid  succw; 

.,.  -  ■  ■  L^-  -*iiM.  inii.  i-irtv  the  incideut  niii. 

'      .-u.    -i.-:i'ii     ui    iiiirvikfwd  sound,  while  :]l 

•  .-      -    i!>  •iii--ii:  ii.7*  <wur  in  the  inter 

-.     :-.,  -  >i    ...  i..r  ntw  :^i>eflectat  all.    Jii 

—  ■ ;     .    ■^-.,.  ■■    ::.>v  I'-  T'nt:a  bear  in  this  latler 

•   -.  ■ .     " '^"     "ii:   -  ti**- original  series  be. 

■■  ■     •      'f  1--   --:<■  and  o«t  from  tbe 

v..    ■  ■•.-   >      .?     1.  .;-i7  waiTS  will  in  some 

.   :.  :     .1     i,.,-i  '  (r-  .i  ;lr  ivderled  wave,  and 

■   ■  ;,-ty  ai.  .■•  ,r-  »  ,  :.v  a;   iotennediate  places 

.  -   ..    -  It     n  •;vJ';  waw  wjH  coincide  witb  the 

1    ji-  iv.i'v.t-^.  »jvif,  av,i  no  motion,  or  silence, 

>*Mi,y  :-..n.tr>  '.h<f  -nHAHi  will  In'  great  and  at  ioler- 

h.i-.--'ii  ..a  ii'vid,-iit  and  reflecte<l  wave  travel- 
.•;.^  ,»  trt-.i:HFu  ,;in  l.e  simply  and  beautifully 
n  x-nd-.iiii  ^  siK,-es.si„n  of  waves  wlong  a  cliaiu 
i.n  l.i,h.i  ntl.Wi  tube  Hied  at  the  far  end  so  as 
l>.wk.  itjj.Ki..  It  will  then  be  found  that  th«' 
a  series  ul  places  where  the  motion  is  verv 
I^M<*twi  by  iM.it.ts  where  the  motion  is  very 
be  toiuier  are  the  places  where  the  incident  and 
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ivliected  motions  reinforce,  wliile  the  latter  are  where  tbese  motioiiB 
are  oppoflM.  If  we  meiiKiire  the  diatauce  between  two  nodes,  we  know 
that  it  is  half  the  distance  a  wave  travels  during  a  single  vibration  of 
the  string,  and  so  van  caleulate  tbe  velocity  of  the  wave  if  we  know 
the  rate  of  vibration  of  the  string.  This  is  the  second  method  meu- 
tioDed  above  for  finding  tbe  velocity  of  sound.  There  are  so  many 
things  illustrated  by  this  vibrating  cbaiu  tliat  it  may  be  well  to  dwell 
on  it  for  a  few  moments.  We  can  make  a  wave  travel  up  it,  either 
rapidly  or  slowly,  by  stressing  it  much  or  little.  If  a  wave  travels 
rapidly,  we  must  give  it  a  very  rapid  vibration  if  we  wish  to  have 
many  loops  and  himIps  between  our  source  and  the  reflector;  for  the 
diHtaiice  from  node  to  nmle  is  half  the  distance  a  wave  travels  during 
a  vibration,  and  if  the  wave  goes  fast  tbe  vibration  must  be  rapid,  or 
tbe  distance  from  no<le  to  node  will  be  too  great  for  there  Ut  l>e  many 
uf  them  within  the  length  of  the  chain. 

Aiiotlier  iK)int  to  lye  observed  is  the  way  in  which  the  chain  moves 
vbeti  transmitting  a  single  wave  and  when  in  this  condition  of  loops 
and  nodes,  t.  e.,  transmitting  two  sets  of  naves  in  opposite  directions. 
There  are  two  dift'ereut  motions  of  the  parts  of  the  chain  it  is  worth 
(Musidering  separately.  There  is  in  the  first  pla<'e  the  displacement 
of  any  link  np  or  down,  and  ni  the  second  place  there  is  the  rotation 
uf  a  link  on  an  axis  which  is  at  right  angles  to  this  up  and  down 
motion.  Now,  when  waves  are  going  np  the  chain  those  links  are 
rotiiting  most  rapidly  which  are  at  any  time  most  displaced;  it  is  the 
liuks  o«  the  toi>s  and  bottoms  of  waves  that  are  rotating  most  rapidly. 
Uii  the  other  hand,  in  the  vase  of  htops  and  nodes  tbe  links  in  the 
vidille  of  loops  never  rotate  at  all;  they  are  much  displaced  up  and 
kvH,  but  they  keeji  parallel  to  their  original  dinwtion  all  tbe  time, 
■bile  it  is  the  links  at  the  node-s  where  there  is  no  displacement  up 
and  down  t)iat  rotate  first  in  one  direction  and  then  back  again; 
ibere  is,  in  the  loops  and  nodes  condition,  a  separation  of  tbe  most 
rotating  and  the  most  displaced  links  which  does  not  occur  in  the 
«ni|de  wave.  There  is  a  correstHtnding  relation  between  the  most 
rotated  and  the  most  rapidly  moving  links.  These  are  the  same 
links  hallway  up  tbe  simple  waves,  but  in  the  loops  and  nodes  tbe 
io<»t  rapidly  moving  links  never  rotate  at  all,  while  those  at  the 
iiodfs  tliat  get  most  rotated  are  not  displaced  at  all.  These  remarks 
irill  be  seen  hereafter  to  throw  light  on  some  of  the  phenomena  ob- 
served in  connection  with  Hertz's  experiments;  hence  their  importance. 

It  will  be  observed  that  tbe  method  of  measuring  tbe  velocity  at 
which  a  disturbance  is  propagated  along  a  string,  and  which  depends 
OD  measiiring  tbe  dist>ince  between  two  iio<Ics.  is  really  only  a  modifica- 
tion of  the  direct  method  of  finding  out  bow  long  a  distujbance  takes 
to  go  from  one  place  to  anotb(>r;  it  is  one  in  which  we  make  the  waves 
register  upon  themselves  how  long  they  took,  and  so  does  not  reijuire, 
us  to  have  iit  our  di^qiosal  any  method  of  sending  a  message  from  one 
H.  Mia.  U4 14  Dcr:.cb>GtX>glc 
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n  more  quickly  ttiiiii  tlie  waves  travel,  and  that  is  very 
I]  we  want  tci  iiieasiii'e  tlic  rate  at  nbivh  disturbances 
as  fast  lis  lisht.  If  tlie  wave  travels  very  fast,  we  must 
pid  vibration,  uuleHtu  we  liave  a  great  deal  of  space  at 
lor  tlie  distance  betweeu  two  nodes  is  half  the  distance 
;ls  (tnring  one  vibration,  and  so  will  be  very  long  if  tbe 
fast,  unless  the  time  of  a  vibration  be  very  sliort. 
u-jsl)  to  make  cx|>eriment8  in  this  way,  in  a  moderate 
a  wave  that  trsivels  very  fast,  we  must  have  a  very 
1  t<i  start  the  waves. 

II. 

iling  article  a  gcueifll  metlual  of  measuring  the  velocity  at 
bance  is  propagated  was  described.  It  depended  on  be- 
idnec  a  regular  succession  of  disturbances  at  equal  iiiter 

These  were  made  to  measure  their  own  \elocity  by 
1  at  an  obstacle.  Then,  by  the  tnterfeience  of  theinci 
't€d  waves,  a  succession  of  loops  aud  nodes  are  product 

half  the  distance  a  di.'«tarbaace  is  projiagatetl  during 
len  two  disturbances.  It  is  a  general  method  applicable 
disturbance  that  takes  time  t<i  get  from  one  plaeetu 
lis  been  applied  over  and  over  again  to  measure  the  ratt 
lis  kinds  of  dislnrbaiice  are  propagated  in  solids,  liquids, 
A'us  applied  ill  a  mmlified  form  years  ago,  to  measure  tb( 
ve  of  light;  and,  within  the  last  year,  some  of  the  most 
riiiients  on  photography  ever  described  are  application! 
le  by  llcrr  Wiener  and  M.  L])ipman. 
ree  tilings  essential  to  tlii.iesperinient:  (1)  Some  methoc 

waves;  (2)  some  method  of  reflecting  tbein;  (3)  soin* 
ing  where  there  are  loops  and  where  there  are  nodes 
lieiii  in  this  order: 

we  expwrt  to  originate  electric  waves T  lf,whenabod,i 
isilively,  the  electric  force  due  to  it  exists  simultane 
I'l-e,  of  course  we  can  not  ex|H>ct  to  |)roduce  an^-tbing  lik' 
liw-  force  travelling  out  from  the  body;  but  if,  when  s 
ily  eicctrilie<l,  the  electric  force  takes  time  to  reach  li 

Mijipose  that  it  is  propagated  in  someway  as  a  waved 
from  the  bixly  to  the  distant  place.  This  of  coursf 
li(  I'c  is  a  nictlinm  which  is  in  some  peculiar  state  wbeu 
tislH  in  it,  and  that  it  is  this  pecnliar  state  of  themediuiu 
•led  ric  li>i'<;c,  existing  in  jt,  that  is  propagated  from  one 
<r.  It  must  be  carefully  borne  in  mind  what  sort  of  ii 
ml  HO  call  tbe  electric  force  at  anyplace.  It  is  not  a 
eel  ric  intensity  would  be  a  better  one;  but  electric  force 
nil  into  use  it  is  hardly  to  be  esiiected  that  it  can  be 
v.     Klectric  force  at  any  place  in  measured  by  the 
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iiiH-hnDical  force  t)i<vt  would  be  exerted  at  the  place  if  a  unit  quantity 
of  electricity  were  tbere.  It  is  not  a  force  itself  at  all;  it  is  only  a 
description  of  the  condition  of  the  medium  at  the  place  which  makes 
electricity  tbere  tend  to  move.  The  air  near  the  earth  ia  in  such  a  con- 
dition that  everything  immersed  in  it  tends  to  move  away  from  the 
earth  with  a  force  of  about  1.26  dynes  for  each  cubic  centimeter  ol  the 
body,  i.  e.  each  cubic  centimeter  tendu  to  move  with  a  force  of  1.26 
dyoee.  Now,  the  condition  of  the  air  that  causes  this  is  never  described 
as  volume  force  existing  at  the  place,  thoagh  we  do  describe  the  corre- 
sponding condition  of  the  aether  as  electric  force  existing  tbere;  and  as 
Tolume  force  existing  would  be  a  very  objectionable  descriptioa  of  the 
condition  of  the  air,  when  being  at  different  pressures  at  various  levels, 
it  tends  to  make  bodies  move  with  a  force  proportional  to  their  vol- 
nme,so  electric  force  existing  is  a  very  objectionable  description  of  the 
condition  of  the  tether,  whatever  it  is,  that  tends  to  make  bodies  move 
with  a  force  in  proportion  to  tbeir  ele<'tric  charges.  We  know  more 
about  the  structure  of  the  air  than  we  do  about  the  tether.  We  know 
tiiat  the  structure  of  the  air  that  causes  it  to  act  in  tbis  way  is  that 
tlierc  are  more  molecules  Jurajiing  about  in  each  cubic  centimeter  near 
tbe  earth  than  there  are  at  a  distance,  and  we  do  not  know  yet  what 
the  structure  of  the  letbcr  is  tliat  causes  it  to  act  in  this  remarkable 
way;  but  even  though  we  do  not  know  the  nature  of  the  structure,  we 
know  some  of  its  effects,  by  nieiins  of  which  we  can  measure  it,  and  we 
can  give  it  a  name.  Although  we  know  very  little  indeed  about  the 
strncturo  of  a  piece  of  stressed  iudia  rubber,  yet  we  can  measure  the 
amonnt  of  ita  stress  at  any  place,  and  can  call  the  India  rubber  in  this 
peculiar  condition  "  stressed  iudia  rubber."  As  a  matter  of  fact,  we 
know  a  great  deal  moie  about  the  i>eculiar  condition  of  tlie  lether  that 
we  describe  as  "electric  foree"  existing,  than  we  do  atwut  the 
'■Rtressed  india  rubber;"  and  there  is  every  reason  to  suppose  that  the 
Htrncture  of  the  letber  is,  out  of  all  comparison,  more  simple  than  that 
ot  india  rubber. 

When  sound-waves  travel  tlirougb  tbe  air,  they  consist  of  compres- 
sions followed  by  rarefactions,  and  between  them  the  pressure  varies 
fiom  point  to  point,  so  that  here  we  have  travelling  forward  a  structure 
the  same  as  that  of  tbe  air  near  the  earth,  and  waves  of  sound  might 
be  described  as  consisting  of  a  succession  of  positive  and  negative 
"volume  forces"  travelling  forward  in  the  air;  this  form  of  expression 
would  no  doubt  be  objectionable,  but  still  if  all  we  knew  at>nut  the 
properties  of  tbe  air  near  the  earth  was  that  it  tended  to  make  bodies 
move  away  from  th^^  earth  with  a  force  proportional  to  their  volume,  it 
is  (juite  likely  that  this  condition  of  affairs  near  the  earth  might  have 
Ijeeu  described  as  the  existence  of  a  "  volume  force  "  near  the  earth, 
and  when  It  was  discover*^  that  this  action  was  due  to  a  medium,  the 
aif.  it  would  have  been  quite  natural  tn  dcscril)e  this  state  of  the  air  as 
"volume  force"  existing  in  it;  and  then  when  waves  of  sound  wereob- 
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t  vrould  be  quite  natural  tliat  tliey  sbould  l»e  described  ai> 
"volume  force,"  e8i>ecially  if  tbe  oaly  way  in  wbich  we  could 
e  presence  of  these  wnves  was  by  observing  the  force  exerted 
s  immersed  in  it,  whicli  wan  proportionul  to  their  volumes,  and 
;  happen  to  know  is  really  due  to  differences  of  pressure  at 
ing  points  in  the  air.  We  do  not  Ictiow  what  is  the  Btnicture 
h<'r  that  causes  it  t«  exeit  force  on  electrified  bodies,  but  we 
the  existence  of  this  property,  and  when  it  is  in  this  state  we 
"electric  force"  exists  in  itr,  and  we  have  certain  ways  by 
B  can  detect  the  existence  of  •'  electiic  force,"  one  of  which  is 
action  of  an  electric  current  in  a  condnct^ir,  and  the  consequent 
Htion  of  the  conductor,  and  if  this  is  strong  enough  we  can 
an  electric  spark  between  it  and  a  neighboring  conductor, 
conductor  is  suddenly  electrified,  the  structm-e  of  the  ;etber 
describ<^d  iis  electric  force  existing  in  it  travels  &om  its  neigh- 
through  the  surrounding  aether,  and  this  is  described  as  a 
slectric  force  travelliiiK  through  the  sun-ouuding  a-ther.  It  is 
s  to  be  quite  clear  as  to  what  is  meant  by  tbe  term  a  wave  of 
brco  and  what  we  know  alwut  it.  We  know  that  it  is  a  region 
where  its  .'Structure  is  tbe  same  as  in  the  neighborhood  of  elec 
id  some  other  bodies,  and  owing  to  which  force  is  exerted  on 
i  bodies,  and  electric  currents  ai-e  protluced  in  conductors. 
iy  then  reasonably  expect  that,  if  it  is  possible  to  electrify  a 
jrnatA'ly  positively  luid  negati\ely  in  rapid  sitCA^essiuu,  there 
iroduced  all  round  it  waves  of  electric  force — that  is,  if  the 
brce  is  propagateil  by,  and  is  due  to,  a  niediuni  surrounding 
rifled  body,  if  electrification  is  a  special  state  of  tbe  medium 
the  sita<-c  between  bodies, 

0  next  question  is:  How  canwe  reflect  these  wavest  In  order 
a  wave,  we  must  interi>ose  in  its  way  some  body  that  stops  it. 
rt  of  iMiilie.s  stop  electric  force?  Conductors  are  known  to  act 
etc  screens  of  electric  force,  so  that  a  large  conducting  sheet 
iturally  be  suggested  as  the  best  way  to  reflect  waves  of  elec- 
1.  Itcflcction  always  occurs  when  there  is  a  change  in  the 
^thc  medium,  even  though  the  change  is  not  so  great  as  to 
wave,  ami  it  lias  hing  been  known  that,  besides  tbe  action  of 
irs  as  screens  of  electric  fiirce,  difl'erent  non-conductors  act 
ly  in  n-tcrence  to  electric  force  by  iliffering  in  s^tecific  inductive 
Hence  we  might  expect  non-conductors  to  reflect  these 
Ithougb  the  reflection  would  probably  not  be  so  intense  from 
fixmi  conductors.  Ilenco.  this  question  of  how  to  reflect  the 
pretty  easily  solved.  .\ll  this  is  on  the  supposition  that  there 
I'  waxes.  If  olectiic  ftirce  exist  cverjwhere  simultaueonsly, 
'  there  will  Ik'  no  waves  to  rcflwt.  and  <'ouseqneiitly  no  looiw 
■s  prodiictHl  by  the  interference  of  the  incident  and  reflectol 
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(3)  The  tbiixl  pmhlein  U:  How  can  we  exiieet  to  detect  where  there 
areloopSiindttlH'ie  there  iiH'  tiutlest  Recall  the  effects  of  electric  force. 
It  tends  to  move  electrified  bodies.  If  theu  ftu  electrified  body  were 
placed  in  a  loop  it  would  tend  to  vibrate  up  and  down.  This  method 
miiy  possibly  be  employed  at  some  future  time,  and  it  may  be  part  of 
the  cause  of  photographic  iictioua,  for  these  have  recently  been  conclu- 
sively proved  to  be  due  to  electric  force;  but  the  alteniationeof  electric 
force  from  positive  to  negative  tliat  have  tii  be  employed  are  so  rapid 
that  no  IxHly  large  eiiongh  t<»  be  easily  visible  and  electrifleil  to  a  reason- 
able estent  could  be  expected  to  move  sniticiently  to  be  \'isibly  dis- 
turbed. It  is  possible  that  we  may  find  some  way  of  detecting  the 
librations  hereby  given  to  the  electrified  ions  in  au  electrolyte;  and 
it  bas  recently  been  stated  tbat  waves  originate<l  electrically  shake  the 
elements  in  sensitive  photographic  films  sufticiently  to  cause  changes 
that  can  be  developed.  Tlie  other  action  of  electric  force  is  to  produce 
an  electric  cnrrent  in  a  conductor  and  a  resultant  electrification  of  the 
conductor.  Two  effects  due  to  this  action  liave  actually  been  used  to 
detect  the  existence  of  the  wave  of  electric  force  sent  out  by  a  body 
alternately  electrified  positively  and  negatively.  One  of  these  is  the 
beating  of  the  conductor  by  the  current.  Several  experimenters  have 
direi'tly  or  indirectly  used  this  way  of  detecting  the  electric  force.  The 
other  way,  which  has  proved  so  far  the  most  sensitive  of  all,  has  been 
t«  use  the  electrification  of  the  conduct4)r  to  cause  a  spark  across  an 
air  space.  This  is  the  method  Hertz  originally  employed.  A  priori, 
one  would  not  have  exi>ected  it  to  be  a  delicate  method  at  all.  It  takes 
very  considerable  electric  forces  to  prwloce  visible  sparks.  On  the 
other  band,  the  time  the  foice  need  last  in  order  to  ])roduce  a  spark  is 
Hoinething  very  small  indeed,  and  hitherto  it  has  not  been  possible  to 
keep  up  the  alternate  electrifications  for  more  than  a  minute  fraction  of 
a  second,  and  this  is  the  reason  why  other  apparently  more  promising 
methods  have  failed  to  be  as  sensitive  as  the  method  of  i>r(Hlucing 
fparks.  If  two  conductors  be  placed  very  close  to  one  another  in 
such  a  direction  that  the  electric  force  is  in  the  line  joining  them,  their 
near  snrface.t  will  be  oppositely  electrified  when  the  electric  force 
acts  on  them,  and  we  may  expect  that,  if  the  for(-e  be  great  enough 
and  the  surfaces  near  enough,  an  electric  spark  will  pass  from  one  to 
the  other.  This  is  roughly  the  arrangement  used  hy  Hertz  to  detect 
whether  there  are  loops  nnd  nodes  between  the  originator  of  the  waves 
and  the  reflector. 

Now  arises  the  problem  of  how  to  electrify  the  body  alternately  posi- 
tively and  negatively  with  sufficient  rapidity.  How  rapid  is  ''  with  sufli- 
cient  rapidity  t"  To  answer  this  we  must  fonu  some  estimate  of  how  rap- 
idly we  may  expect  the  waves  to  be  [iropagated.  Acconling  to  Maxwell's 
theory  they  should  go  at  the  same  rate  an  light,  some  300,000,000  of 
meters  per  second,  and  it  is  evident  that  if  wo  are  going  to  test  Maxwell's 
theory  we  must  nmke  provision  for  sufficiently  rajiid  electric  vibrations 
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cihiill  II'  lilt'  wiivo!*  aiu  )>i'0[>iigiited  at  tbis  enormous  rate, 
iiiiui  hixli'lcMi  iu)ili>iH)itilt' the  distance  a  wave  travels  4tur- 
I,  If  Ml'  mm  inHMliii-e  vibnitions  at  the  rat« of  300,000,000 
iviuii  wiiithi  ti:ii  I  iiieti-e  diirhiK  a  vil)ratiuD,  so  that,  with 

riilo  ol'iilhTiialioi),  thtMliftance  ttooi  nmie  to  uode  would 

iiii|thl  t'\|it'i'l  to  W  able  to  work  on  this  s^ale  very 
11  lini  lluit'n  this  si-hU',  i.  (-.,  witli  atteniatioDs  at  the  rate 
jicr  noi-oiid,  Hiid  ■'>  i)it>tiv»  IVoui  nude  to  nod*>.  but  lianlly 
ii'i  soalo  t baa  this.  It  aUnor^t  tukesoneV  l>rejtb  away 
■  ibi'  (iixMlHi'liim  «l"  vibrations  of  tbis  em*r:::.-«is  rapidity. 
I  all'  \iij  uu)rb  sluwfr  tban  lh«v>eof  iijl;-::  :bese  latter 
»  a  nullum  luiK's-as  t-.»[«d:  but  :>'<i.«""«."M.- :.-r  .iwoiid  is 
i.Ux>  V.iH:'l  '-1^"  a  >"  *-»'-■--:■  ^-^Zti.  ^"iz  a  thoQsaiid 
>11t  li.i.ln->J  ii<.l:'.~i  !■  <',<-    A  r,";.  ■:■:  ":iLr  <  i.rfCal  \-ibrat«8 

\r;>  !>,>.;,  "in.:    1  Vi.i.i:  i.i  -  -     >  i  . .:-;  :ie  ciionsaiidth 

:  t.ii^  .1,  .i-uii:  j<       :i-j-i  iT  -J-    :•-.  ;.r-i  rWc.     It  would 
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>.  •    .     ^  -  —    :.-      ::-*-i'-  T-ia  ;.  i^   tr:rt  rh*?  jar  is  dis- 

.•_--         .i    ■-<■    ■■'.••■■-ir^   L.-vi-riiL,  :•■  uuiDetltately 

.-,  -.  :..>i.i_i|  1 -^.-ri;*   £  ilTer.iati'His.    This 

,      r  ■■-■I  i>— ;?- 'ur  •-ifH-tridt-alions  coil- 

. ..    ■    ■  : .    -.-i.t  :■.  ■»  i.i-ii  r-rin--*-  irst-h'lty  means 

-,     -  -.    '     :   ~ii:^   .i- ■■filer -rniiirti  tKKly,  when 
,    .  -t     --^  :,    •■'.■.fVr-  :r>.-i:'  :;i  a  strits- of  vibra- 

■,     '    -,    ■>-':■■.  -;*t:."..u"y  -1;,- itru. J    'f  riit^  *ther  relieves 

.^  ■  ,  ..:u.-l'\  -;;.— ;';::;^  ■.  :brini'iis.  If  the  spring 
,  v,  .■  t,u<  :*' 'Hen-'mi-  n-.-Ti.-tal  ri?si>cain.-e,  its  vibra- 
.  ;>  -u^^.'^';  ,>:■!  ::'  :".f  r-:;t.-...ii  L«-  siiitS-.ttMitly  great,  it 
V  <'.  I'.'i.  '•n:  '*'l!  ir-.wl  [iily -ari~;.If  into  its  position  of 
hi  u,  -.,i;iu-  L.tautr.  ::"  :!•-  r>-*:sran<e  c»  the  relief  of  the 
ii,.iia!n,  u'l>'i  -s  •■iiTtii  bv  the  loaduL-ting  wire,  be 
i;,.'iiv  \\\]l  siil».-;.;e  rJ.:  ■•Lly,  ati-l  if  the  re^istanee  of  the 
Ml,  llioiv  \*:'-l  U-'C  ',v  ^::y  v;;ir,iti..[is  at  ;iil. 
Ill-  iiiilii'i'ii.K'ti;'!  .>;",»!lt'r;'  ::<>ii;iIaadviK4.-ons  resistances, 
in  ^  Mil  li  ,1-  ;i  tTivm^  ['.irk  th.it  is  prmiuoing sound-waves 
li  ,,im  ilu-  ttu'iii^v  I'lthi'  fork  away  from  it  into  the  sur- 
iiii,  w  ill  ni.i.ht,ilt;i  vil.i-ite  less  and  less.  In  the  same  way, 
iiilh  \>.  \lw  rvsisdiufe  of  the  conduetiug  wire,  we  must 

Ik  itii,  li.»i  niiiii  v-oiidintor  prodnees  ele<'trir  waves,  its 
I  .■imln.iil)  sub,siil<'  owing  to  its  energy  being  (gradually 
li,>  -iiiiMimitiiij;  iiH-tliiiai.  As  a  i-onsequeiiee  of  tbis  the 
din  j.it  tnkfs  to  iltsi-Uarge  itself  io  this  way  may  l>e  very 

h    iii<i>  )>i<i'l'orin  a  gootl  many  oscillutious  iu  this  very 
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BborttJme,  bnt  theu  e»cli  oscillation  takes  an  exeeudingly  short  time.  To 
getiiome  idea  of  what  quantitiea  we  are  dealing  with,cousider  the  rates 
of  oscillation  which  woold  ^ve  wave-lengths  that  were  abort  enough  to 
be  conveniently  dealt  with  in  labonitoHea.  Tliree  hundred  million  per 
wcond  would  give  U8wave»  1  meter  long;  consider  what  is  meant  by 
100,000,000  per  second.  Wemayget  some  conception  of  it  by  calculating 
the  time  corresponding  to  one  hundred  million  seconds.  It  is  more  thau 
three  years  and  two  months.  The  pendulum  of  a  clock  would  have  to 
oscillate  three  years  and  two  months  before  it  would  have  performed 
■AS  many  oscillations  aa  we  require  to  be  performed  in  one  second.  The 
pendulum  of  a  clock  left  to  itself  without  weights  or  springs  to  drive  it, 
aDfl  only  given  a  single  impulse,  would  practically  cease  to  vibrate  after 
it  had  performed  40  or  50  vibrations,  unless  itwerevery  heavy,  i.  c,  bad 
« {Teat  store  of  energy  or  were  very  delicately  suspended,  and  exposed 
only  a  small  resistance  to  tlie  air.  A  light  pendulum  would  be  stopped 
by  couimunicatiog  motion  to  the  air  after  a  very  few  vibrations.  The  case 
ofaljcyden  Jar  discbarge  is  more  like  the  caseofamass  on  a  spring 
than  the  ease  of  a  pendulum,  because  in  the  cases  of  the  Leyden  Jar 
there  is  nothing  quite  analogous  to  the  way  in  which  the  earth  pulls 
the  pendulum :  it  is  the  elasticity  of  the  oither  that  causes  th»electric 
cDrrents  in  the  Leyden  jar  discharge,  just  as  it  is  the  elasticity  of  the 
spring  that  causes  the  motion  of  the  matter  attached  to  it  in  the  case 
4rfa  mass  vibrating  on  a  spring. 

It  is  possible  to  push  this  analogy  still  further.  Under  what  condi- 
tions would  the  spring  vibrate  most  rapidly!  When  the  spring  was 
Ktifi'aiid  the  mass  small.  What  is  meant  by  a  spring  being  stitl't  When 
a  considerable  force  only  bends  it  a  little.  This  corresponds  to  a  coii- 
sderableelectric  force  only  electrifying  the  Leyden  Jar  coiitingsa  little, 
i.e.  to  the  Leyden  jar  having  a  small  capacity.  Wo  would  consequently 
esiicct  that  the  discharge  of  a  Leyden  jar  with  a  small  ciipacity  would 
vibrate  more  rapidly  than  that  of  one  with  a  large  Ciipa<;ily,  and  this  is 
the  case.  lu  order  to  make  a  Leyden  jar  of  very  small  capacity  we  must 
have  small  conducting  surfaces  as  far  apart  as  iwssible,  and  two  sepa- 
rate plates  or  knobs  do  very  well.  The  second  condition  for  rapid  vibra- 
tiou  was  that  the  mass  moved  should  be  small.  In  the  ease  of  electric 
currents  what  keeps  the  current  running  after  the  plates  have  become 
discharged  and  re-charges  them  again,  is  the  so-called  self-induction  of 
the  current.  It  would  be  well  to  look  vtfton  it  as  magnetic  energy  stored 
np  in  the  aether  around  the  current,  but  whatever  view  is  taken  of  it,  it 
evidently  corresponds  to  the  mass  movetl,  whose  energy  keeps  its  mov- 
ing after  the  spring  is  unbent,  and  re-bends  the  spring  again.  Hence  we 
nuiy  conclude  that  a  small  self  intluction  will  favor  rai>idity  of  oscillation, 
and  this  is  the  case.  To  attain  this  we  must  make  the  distance  the  cur- 
rent has  to  run  from  plate  to  plate  as  short  as  imssible.  The  smaller  the 
plates  and  the  shorter  the  connecting  wire  the  more  rapid  the  vibra- 
tions;  in  fact,  the  rapi<lity  of  vibration  is  directly  proportional  to  the 
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rongh  which  the  oscillatiug  current  nisbes  backward  and  forward, 
fee  the  air  gap  baa  been  broken  tbroiigh,  the  cbaraeter  of  the  air  gap 
™  an  opponent  of  tbe  passage  of  electricity  is  completely  cbaoged. 
oefore  the  air  gap  brealis  down  it  requires  a  considerable  initial  dif- 
*renee  of  electric  pressure  to  start  a.  current.  Once  it  has  been  broken 
'lown,  the  electric  current  oscillates  backward  and  forward  across 
tbe  incandescent  air  gap  uutil  the  whole  dift'erence  of  electric  pressure 
oas  sabsided,  showing  that  the  broken  air-gap  has  become  a  coudactor 
in  which  even  the  feeblest  electric  pressure  is  able  to  produce  an  elec- 
tric current.  If  this  were  not  so,  Leyden  jars  would  not  be  discharged 
'•>'  a  single  spark. 

All  this  in  quite  in  accordance  with  what  we  know  of  air  that  is — or 
even  has  lately  been — incandes(«nt;  such  air  conducts  under  the  feeb- 
fe»t  electric  force.    AH  this  is  most  essential  to  the  success  of  our  oscil- 
lator.   Only  for  this  valuable  proi>erty  of  air,  that  it  gives  way  suddenly, 
Mid  thence  forward  offers  but  a  feeble  ojiposition  to  the  rapidly  alternat- 
ing discharge,  it  would  have  been  almost  impossible  to  stait  these  rai)id 
oscillations.    If  we  wish  to  start  a  tuning  fork  vibrating  we  must  give 
It  a  sharp  blow ;  itwill  not  do  t«  press  its  prongs  together  and  then  let 
them  go  slovly ;  we  must  apply  a  force  which  is  short-lived  in  compaii- 
8on  with  the  period  of  vibration  of  the  fork.    It  is  necessary  then  that 
the  air-gap  munt  break  down  in  a  time  short  compared  with  the  rate  of 
°8cillationof  the  discharge;  and  when  thtsis  retguiredto  l>eatthe  rate 
*>f  400,000,000  per  second,  it  is  evident  how  very  remarkably  suddenly 
tiie  air-gap  breaks  down.     Frofu  the  experiments  themselves  it  seems  as 
'^ any  eten  minute  roughness,  dust,  etc.,  on  the  discharging  surface 
'W'Tfeml  with  this  rapidity  of  break-down;  it  seems  as  if  the  points 
*plottered  out  electricity  and  gradually  broke  down  the  air-gap,  for 
^f  TJbratioufl  originated  are  very  feeble  nnless  the  discharging  surfaces 
^tepC  highly  polished;  gilt  brass  knobs  act  admirably  if  kept  pol- 
i^Vii  up  every  ten  minutes  or  so.     One  of  the  greatest  desiderata  in 
'^  eiperimeuts  is  some  mctliod  of  making  sure  that  all  the  sparks 
slwnid  have  the  same  character  and  be  all  good  ones. 


Ib  the  foregoing,  the  principles  upon  which  a  rapidly  vibrating  elec- 
*c  ogcillator  should  be  constructed  have  been  considered,  and  how  the 
widen  break-dow^i  of  the  air-gap  enabled  these  rapid  vibnitions  to  be 
t.^f^  Jt  is  prol»able  that  this  break-down  occurs  in  a  time  smaller 
^•w  t(iousan<l -^millionth  of  a  second.  How  very  rapid  the  inter- 
~"     ii  must  be! 

'  fclie  principles  on   which  an  apparatus  is  to  be  con- 

'  the  vibrations  [iroduced  by  this  oscillator.     We  may 

'  place  that  as  we  are  deabug  with  a  succession  of 

•fcorvals  of  time  wc  ciin  utilize  resonance  to  : 

Lgle  impulse.    Kesonauee  is  used  in  an  i 
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circumataiices  to  accuumlate  tbe  effect  of  a  series  of  im- 

I  ifi  avoided  in  anotlier  imtneose  varittty  of  circumstances 
iieciim Hinting  tlieeffectofa  series  of  impulsas.  We  see, 
c  ]ili(iCogi'a|ib  byusingit;  we  use  it  to  make  musical  sounds, 
K-ks  and  nati-lics  going,  to  work  telegraphs.  By  avoiding 
•M  drive  safely  over  ifmgh  roads,  sbips  navigate  the  seas, 
do  not  now  ovcvwlielni  the  land,  the  earth  and  planets 
leir  <-oui'scs  round  the  sun,  and  the  solar  system  is  saved 
nctiou.  Resonance  maybe  thus  described:  If  a  system  is 
late  by  itself  in  any  way,  and  if  we  give  it  a  series  of  im- 
'h  tending  to  incre;ise  the  vibration,  the  efiect  will  be  cnmu- 

thu  vibration  will  increase.  To  do  this  the  impulses  must 
lod,  at  intervals  the  same  as  the  period  of  vibration  of  the 
■If.  ()tlierwist>  some  of  the  impulses  will  tend  to  stop  the 
1)11,  and  only  some  to  increase  it,  and  on  the  whole  tbe  effect 
dl. 
1*  to  nat>  resonance  in  tlie  constmctioQ  of  the  detector  of 

(•loctrir  fon-e,  we  must  make  onr  detector  so  as  to  be  capa- 
It'ctric  vibration  of  the  ^ame  period  as  the  generator  of  the 
'  we  do  this  we  miiy  exi)eot  the  currents  produced  in  it  to 
h1  by  each  wave,  and  thus  the  electrification  at  its  ends  to 
nd  so  increase  tbe  chance  of  our  being  able  to  produce  a 
irk.    Two  waj's  of  iising  a  detector  have  been  mentioned. 

obs*>rvc  tbe  healing  of  a  wmdiictor  by  the  cnrrent  in  it, 
ther  to  ob.->t>rvc  n  simrk  dne  to  tbe  electrification  at  the 
e  <-ondui-tor.  The  latter  is  the  most  sensitive  and  has 
frt'nuontly  omployrtl.  luitl  is  the  method  first  employed  by 
I'o  forms  of  dciwtor  nuiy  Ite  nseil  for  observing  sparks.  One 
sts  \t(  a  single  «>ndin-tor  b*'nt  into  a  circle  with  its  two  ex- 
cry  close  to^'th^'c.     An  elivtric  charge  can  oscillate  from 

this  to  the  other  round  the  cirt-le  and  back  again.  If  the 
he  pi»iH'r  si.c,  aUmt  "ii*""  in  diameter  for  tbe  large-sized 
Liiid  atmut  S  ■"  in  diiunctcr  for  the  smaller-sizetl  one  de- 
tlic  la.-t  itrtich',  t!ie  iH-rioii  of  osciH.aion  of  this  charge  will 
ic  as  thiit  of  the  cbaiiic  on  the  generator  of  the  waves,  and 
IOC,  wi',1  N' incivasinl  by  restunuc*  until,  if  the  ends  of  the 
re  be  ch'si"  enoiisjh  i*v^Ther.  the  opjxusite  electrification  of 

II  iH-i-ome  giv.it  vin>it,;;h  to  c.mse  a  sjKtrk  across  tbe  gap, 
lovni  of  det<vtov  ilt'iH  nds  on  us:-  ;:  t«o  ciuiductors,  each  of 
tlie  s;»nie  t*erii»ii  otcUvtiic  .v>,  ■'.;,[  ti-m  as  the  «>scillations  we 
:cvt.  The<<.'  a:v  pl.tciil  in  ■i'.svh  a  i>o.M;iou  (hat  an  end  of  one 
t  endof  ti:e.>:!;crw'.:;ch  w:"  a:  a:;)  t!::ie  beopiiositely  electri- 
c\,i:t  i>Ie.  if  :;.e  e!?-  :r:c  tV'uviu  v.ir  waves  [>e  in  vertical  lines, 

['Luv  t"i>  «■.,':;;.;:•«!  *>>:'..!;:> (ors.  v':;e  vertically  above  the 
<'ivit,(;ivi  l-y  ,1  vcvy  s-i.ti;  .i;r  s;>,Kti',  the  elc«'tric  fwce  aller- 
«nd  d>>«u  wi'.!  causo  currx'urs  C»  ruu  up  and  down  tbe  coD- 
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dnctors  simultaDeoosly,  and  the  upper  euds  of  both  will  be  similarly 
electrified  at  auy  iustaut,  while  the  lower  end  of  the  upper  one  will 
always  be  oppositely  electrified  to  the  upper  end  of  the  low  conduct4)r, 
and  if  these  two  points,  or  two  short  wires  c(inneeted  with  them,  be 
cloae  euough  together,  a  spark  will  pass  from  one  to  the  other  wheuever 
the  electric  force  sets  up  these  electric  oscillatious  in  the  conductor. 
Thus  this  apparatus  is  a  detector  of  the  electric  force.  Whenever  there 
is  a  spark  we  may  be  sure  that  there  is  electric  force,  and  whenever  we 
r.ui  not  get  a  spark  we  may  be  sure  that  there  is  either  no  electric  force 
or  at  any  rate  too  little  to  produce  sparks.  The  apparatus  will  be  moi-e 
Koaitive  for  electric  forcee  that  oscillate  at  the  same  rate  as  the  uatutal 
vibntiou  of  the  electric  charge  on  the  conductor,  because  the  eflwt  of 
«eb  impulse  will  then  add  to  that  of  the  last;  resonance  will  help  to 
mike  the  electrifications  great,  and  so  there  will  be  a  better  chance  of 
(Hit  being  able  to  produce  a  spark. 

We  may  weaken  the  strength  of  this  air-gap  by  reducing  the  pressure 
of  the  air  in  it.  To  do  this  the  ends  of  the  conductors,  or  wires  cou- 
nectcd  with  them,  must  lead  into  an  exhausted  air  vessel,  such  as  a 
GeiftSler's  tube.  There  is  no  doubt  that  much  longer  sparks  may  tlius 
k  produced,  but  they  are  so  dim  and  diffused  that  when  dealing  with 
very  minute  quantities  of  electricity  those  sparks  in  a  va(^uum  are  not 
more  easily  seen  thau  the  smaller  and  InteustT  sparks  in  air  at  atnios- 
I'heric  pressure.  The  additional  complication  and  difficulty  of  manipu- 
lation &om  having  the  terminals  in  a  vacuum  are  not  com|>cnsatcd  for 
by  any  advantages.  This  whole  detecting  apparatus  works  on  some- 
vbatthe  same  principle  as  a  resonator  of  detiiilte  size  connected  with 
wrfs  ear  when  used  to  detect  a  feeble  note  of  the  same  pitch  as  the 
nsMiittor.  Such  a  resonator  might  very  well  be  used  to  find  out  where 
itiis  note  existed  and  where  it  did  not.  It  would  detect  where  there 
were  compressions  and  rarefactions  of  the  air  priHlucing  currents  of  air 
into  and  out  of  your  ear.  In  the  same  way  the  conductor  sparking  tolls 
•here  there  are  alternating  electric  forces  making  currents  alternately 
np  and  down  the  conductor,  and  ultimately  electrifying  the  end  enough 
tomake  it  spark.  In  the  sound  resonator  there  is  nothing  exactly  like 
this  last  phenomenon.  We  have  much  more  delicate  ways  of  detecting 
tfae  currents  of  air  than  by  making  them  break  anything.  If  anybwly 
»onld  allow  the  electric  currents  from  a  Hertzian  detector  to  be  led  di- 
rectly into  the  retina  of  his  eye,  it  would  probi^bly  be  a  very  delicate 
way  of  observing,  though  even  in  this  direct  application  of  the  current 
to  an  organ  of  sense  it  is  possible  that  these  very  rapidly  alternating 
rarrents  might  fail  to  pi-oduce  any  sensible  effect,  for  they  are  not 
rapid  enough  to  produce  the  photochemical  effects  by  which  we  see. 

Torecapitnlate  the  arrangements  proposed  in  order  to  detect  whether 
fiectric  force  is  propagated  with  a  finite  velocity,  and  if  possible  to 
iBeasureit  if  finite,  it  is  proponed  to  create  electric  oscillations  of  very 
tr^t  rapidity,  oscillating  some  four  or  five  hundcd  million  times  per 
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laognage  of  talking  of  el<>ctric  cliargea  ou  bodies,  and  electric  currents 
from  oue  to  the  other,  of  electric  charges  neutralizing  one  another,  and 
so  forth,  is  not  in  accordance  with  the  most  recent  developments  of 
electro-magnetic  theory.  At  the  same  time,  those  for  whom  these 
articles  are  written  are  familiar  with  thi»  laiignage  and  with  the  view 
iif  the  subject  that  it  is  framed  to  suit,  while  they  are  unfamUiar  with 
a'ther  electrically  and  magnetically  strained  and  thereby  the  seat  of 
electric  and  magnetic  energy,  and  consequently  it  would  have  added 
very  much  to  their  ditticulty  in  grasping  the  details  of  a  complicated 
i|uestion  if  it  had  been  described  in  unfamiliar  terms  and  from  an  un- 
fikiuiliar  point  of  view. 

The  electric  force  in  the  neighborhood  of  the  vertical  generator  will 
\»\a  vertical  planes  tlirough  it,  and  aa  A  and  B  are  alternately  positive 
aod  negative,  the  electric  force  will  alternately  be  from  above  down- 
vards,  and  from  below  upwards.  If  then  this  force  is  propagated  out- 
wards in  a  series  of  waves,  we  may  expect  that  all  round  our  generator 
iraves  of  electric  force  will  be  diverging;  waves  in  which  the  force  wUI 
be  alternately  down  and  up.  The  state  of  affairs  might  be  roughly 
iUustrated  by  elastic  strings  stretched  out  in  every  direction  fh)m  our 
generator.  If  their  ends  at  the  generator  be  moved  alternately  down 
and  up,  waves  will  be  propagated  along  the  strings,  waves  of  alternate 
motion  down  and  up. 

in  order  to  reflect  these  waves  we  require  a  metallic  sheet  of  consid- 
erable area  some  two  or  three  wave  lengths  away  fi-om  the  generator; 
so  far  away  in  order  that  we  may  have  room  for  our  detector  to  find 
the  loops  and  nodes  formed  every  half  wave-length  where  the  outgoing 
Taves  meet  those  reHected  from  tlie  screen ;  not  too  far  away  or  our 
»aTea  will  be  t«o  ffecble  even  at  the  loops  to  affect  our  detector.  The 
fares  are  thrown  off  all  round,  but  are  most  intense  in  the  horizontal 
plane  through  the  spark,  so  that  our  detecter  had  better  be  placed  as 
near  to  tliis  plane  as  [wsaible.  The  detector  may  be  either  a  very 
nearly  closed  circle  of  wire  or  two  coudnctors,  each  somewhat  longer 
and  thinner  than  the  combined  lengths  of  the  generating  conductors, 
and  placed  vertically  over  one  another,  and  separated  by  a  minute  air 
gap.  As  the  theory  of  this  latter  form  of  detector  is  simpler  than  tliat 
of  the  circle,  it  will  simplity  matters  to  consider  it  alone.  The  two  con- 
linctors  should  each  have  a  period  of  electrical  oscillation  up  and  down 
it,  the  same  as  that  of  the  charges  on  the  generator.  The  generator 
roDsists  of  two  conductors  certainly,  but  then  during  the  time  the  spark, 
lasts  they  are  virtually  one  conductor,  being  connected  by  the  spark 
across  which  the  electric  charges  are  rushing  alternately  up  and  down. 
Uenee  the  period  of  oscillation  of  the  charges  on  the  generator  corre- 
tponds  to  that  on  a  single  conductor  of  the  same  size  as  its  two  parts 
wmbined. 

Various  experiments  have  been  made  as  to  the  best  form  for  these 
conductors  that  form  the  detector     They  might  be  mtide  identical 
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with  rfac  gmerator.  <nil^  rtiat  the  spark  gap  in  the  generator  shonld 
Im*  repreaeuted  b>-  ;i  .■onnwting  wire.  They  may  be  longer  and  thin 
ner.  It'  1(>uk»t,  rii»ry  -iliuuld  be  thinoer.  or  they  will  not  have  tht 
sum*>  pfiiodoi  vibration.  On  tbe  whole,  the  best  results  have  been 
^•Kt  With  iM>iiilmrin>  ■ioiutwhat  Iniif^er  and  thioDer  than  the  generator 
It  IS  not  jrt^'Mi'niitv  I'lrtvi-uieiir  chat  the  spark  between  the  two condnr 
ton*  tbai  't'Ltn  riit- .  itTi'»ri>r  -ibmilil  take  plaice  directly  from  one  to  tin 
tnht-r.  it  isiiKt  .■;i>v  "  muiiL' jrriiniicnjentsby  whioli  the  distance a|mn 
..I  (lu-st'i-iniiiiirN.rN.-iii  "len-nlatci  witb  i^ufficient  accnracy.  Themo^l 
I'lmvi-iiit'iti  w;i\  ;,-  i"  .iiiiiitH-t  ria-  lawer  end  of  the  apper  condnctor  and 
tbo  iii'|>or  -lui  .11  he  u"<r  ■>iie  eai  ii  frizli  a  short  tiun  wire  leading,  oiie 
111  .t  iiM'il  Miiail  '\:i"ii  -iiid  rheoiiier  to  a  very  line  screw  impinging 'iii 
ibi'  knob.  Vhv  ^'i-w  iiay  rheu  be  used  Co  adjost  the  spark  gap  bo 
txtM'ii  't  .lud  !iie  -ittutli  ^nob  nirii  ;p-eat  aocorai-y.  This  spark  gag 
must  Iv  *■■'■>■  ■**«;! il  niar^i.  t  it-i..  ;ire  work  )>e  deaired.  A  tbonsamltli 
111  I  ,t-mrmv.\T  vmiKii  !v  ,i  ;ui:  -i.ietl  spark  ;:ap.  The  mintlte  sparks 
ili.ti  .nv  t'lMU'-i  HI  ;lu-f  j:!I'^  w 'leu  lii-itii  delicate  work  are  too fitiiit 
1,1  ^^•  s,-«ir,  vMii.f  11  \  [.!  v„'n-i  Mi'iti.  H.iving  plaeeil  the  detector  io 
)it>Mluia  Kiwivn  r;K' ^' mrt." 'I- .i.i'i  ::)•• -ierveo.  tht*  difficult  |>art  of  the 
iil>hi>is.i:'i'ii  lvj;'ris.  I"  :s  K-.trr  r-mi::) j  wnrk  at  lirst.  A  bright  8|)aik 
HOW  .»ikI  i!k'M  iiii.i-*vi.'(ie,  j-ni  im:.:  T>-ri«His.>t'uarfcness  crush  it  again. 
\\\v  tiit..Iv..»,if  i'lv  ;;vin  r.i..-.-  -,-,■!  ."  r>;-i.-.li^^-  ^:  the  5{>ark  gap  of  the 
dvLoi  lor  Si'"'"'  vio.-*--!  I';  vii-^r  ■;■ -i-'r-'- ■*  .t'.l  working,  and  not  without 
iiiio  li  tMi;vii\v  <a;i  :'\<  .(■■•■  '  t  .ir-^.::.-''l  ■£  3i.ik;-!i  «U¥of  gettiug  sparb 
wlu-iii'^ei  H»i-  ivii.'  ;  >'ii-  li-v   a--  r-iL\>?.  rjin^'j  ir  is  easy  enough  iidM 

liil.nv  iiivitv-i  ,»■  y  ■!  ■.  is-.Ty:>  irs  i.'.  z'^is  prii'tiee  mast  be  gone 
(liW'ii'^ti,  li  »»i  U  ii!  »■■■.  i  ,  !  s:-.i '.'  -  4  .-ifss.  >t'ocbcrs  before  nstoeii- 
roiii'.itio  »!*,  wi.b  il«;r  j  .-•—  ":■*  !•-&■:  ;:s.  ^'a  a  clear  knowledge  "( 
\\\\M  !.•»  to  Ih'  »-\iHvi<d  to  —-:  Ik  ~.'.  H-t  i:-u:ii  credit  then  is  dneto 
Hi'iU..  wbo  iii-opi-i  !•:<  »  .J  to  :l— <- »-/.:  I-t-;!  tfipennieuts  from  ste)! 
to  i*W\^  wubont  tbe  -■;■■■  -r-^  "t  «ri.f:-  :<■  .-oi  cr-isw  him,  without  the 
nd>  Ut'  of  orliei-s  to  b.t'i  l.;;a.  witb'iqt  hlv  .f^r-.iLT-cy  as  to  what  was  W 
Ihi  eNpi'cUil  lo  t;"'"Ic  •■■■"-  P^'i'-i.iiy,  t-.^ri:  ,'.\y.  cbrongh  many  by- 
iiiitbs,  witb  nHi>taiit  wat'lifrilu*;.-*.  aixl  chtiki-iT^viery  iulvanne  by  re- 
pi'iili'd  and  viuied  exp^rim^-irf,*".  Hertz  worked  np  lo  the  grand  sim- 
pllt'ily  of  the  fundatueutal  exi>enment  in  eW-tricity  that  is  engiiguig 
ttnr  iittoiitioi). 

land  over  the  apparatus  we  may  look  aboat  for 
L'ur  easily  and  for  oiin-rs  where  they  can  not  be 
je  places  may  be  fonud  where  no  sparks  can  be 
is  will  be  found  to  be  nearly  eqtii-distant.  They 
search  of.  The  distance  between  any  pair  is 
metric  wave  is  propagated  dnriog  the  period  of 
resence  proves  that  the  ele<'tric  force  is  not  prop 
,  bat  takes  time  to  get  from  plac^  to  {dace.   If 

D.D.t.zea  by  Google 


hertz's    EXPEB1MENT8.  223 

the  elwtric  fori-e  wpre  propagated  iiiatantaiieonsly  tliere  might  be  one 
jilncr-  whei-e  the  iiction  <if  the  curreuts  induced  in  inir  reflerting  nheet 
ueutnilized  the  dirccr  action  of  our  generator,  but  tliere  fonld  not  be  a 
series  of  two  or  more  such  places  between  tlie  generator  and  tlie  re- 
flecting sheet.  That  there  are  more  than  one  proves  that  electric  force 
is  i>ropagated  from  place  to  place,  and  does  not  occur  simultaneously 
everj"wliere.  It  sets  the  crowning  stone  on  Maxwell's  theory  that  elec- 
tric lorceisdue  to  a  ntrdinm.  Without  a  ni(Hliuin  there  can  be  no 
]iropagation  from  place  to  place  in  time.  It  only  ramainsto  confirm  by 
calculation  that  the  rate  of  propagation  is  the  Raiue  as  that  of  light. 
This  is  St  complicated  matter.  It  involves  the  ({uestion  of  how  fast 
Hhoutd,  on  any  theory,  the  charge  oscillate  u|)  and  <1own  n  conductor. 
Tlie  problem  has  only  been  a^-curately  solved  in  a  few  special  cases, 
such  as  that  of  a  sphere  by  itself.  The  conductors  that  have  tieen 
employed  are  not  this  shape,  are  not  by  themselves,  and  so  only  rough 
Dpproxiuuvtions  are  possible  as  to  the  rate  at  which  these  ost^illations 
occur.  Knowing  the  wave  length  will  not  determine  the  velocity-  of 
prui>agation  unless  we  know  the  period  of  vibration;  and  conaetpiently 
this  direct  measure  of  the  velocity  has  only  been  roughly  made;  but 
it  agrees  as  accurately  as  <!Oul<l  be  expected  with  Maxwell's  theory 
tbiit  it  must  be  the  same  aa  the  velocity  of  light  if  electrical  phenomena 
are  due  to  the  same  medium  as  light.  The  conviction  that  more  accu- 
rate determinations  will  coDfirni  this  agreement  is  founded  upon  safe 
ground. 

It  was  pointed  out  that  the  irtlier  that  tnmsniits  light  and  is  set  in 
vibration  by  the  molecules  of  matter  can  hardly  avoid  moving  them 
it'^'lf.  This  tether  can  hardly  help  having  other  properties  than 
Bicrely  transmitting  a  comparatively  small  lange  of  vibiiitions.  It  can 
hardly  help  producing  other  iiheiiomena.  When  it  has  been  shown 
that,  if  there  is  a  medium  concerned  in  conveying  electric  and  mag- 
netic aetions,  it  must  possess  proiiertiea  which  would  enable  it  to 
transmit  waves  like  light;  and  when  it  has  been  shown  that  there  is  a 
Dieilium  eonceriiod  in  conveying  elei'tric  and  magnetic  actions,  and  that 
the  rate  iit  which  they  are  conveyed  is  approximately  the  same  as  the 
rate  at  which  light  is  propagated;  the  conclusion  is  almost  unavoid- 
able that  we  are  dealing  with  the  same  medium  in  both  <ases,  and  that 
fhture  experiments,  capable  of  accurate  calculation  and  observation, 
will  confirm  the  f^ouclusion  that  electric  force  is  jiropagated  through, 
and  by  means  of,  the  lumim'ferous  aether  with  the  veloiity  of  light. 
We  really  kiiow  very  little  about  the  natnrt!  of  a  wave  of  light.  We 
know  a  great  deal  more  about  eleetiie  and  magnetic  fori-es,  and  much 
may  be  learnt  as  to  tlie  nature  of  a  wave  of  light  by  studying  it  under 
the  tonu  of  a  wave  of  electric  force.  The  waves  pro<inced  by  the 
Hertzian  generator  may  be  a  meter  long  or  more.  The  difficnity  is  to 
get  them  short  enough.  We  know  a  goo<l  deal  about  how  they  are 
proiluced,  and  from  this,  and  also  by  means  of  suitable  detectors,  we 
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thejcther  is  ranch  BtraJiied ;  where  wiile,  the  lether  is  hot  little  Btraiiieil. 
Racli  tube  nmat  be  looked  apon  as  a  tube  of  iiDit  strain. 

The  uatnre  »f  the  stratu  of  the  ivttier  i»  not  kiiowu ;  it  is,  moKt  prob- 
■My,  iwnie   increased   motion  in  a  i>erfe<-t  liquid.     We  must  not  l>e 
surprised  at  the  nature  of  the  strain  bein^^  unknown.    We  do  not 
know  the  uature  of  the  trhange  in  a  \uece  of  India  rubber  when  it 
is  straioed,  nor  indeed  in  any  solid,  and  though  the  tether  is  much 
simpler  iu   atnK-tare  than   India  rubl>er,  it  can  hardly  be  wondered 
at  that  we  have  not  yet  discovered  its  structure,  for  it  is  only  within 
the  present  century  that  the  existence  of  the  aither  was  demotiHti'ateil. 
while  men  have  known  solids  and  studied  their  properties  and  struc- 
Rire  for  thousands  of  years.     Any  way,  there  is  no  doubt  that  the 
xttier  is  atraineil  in  these  tubes  of  force  when  A  ami  B  are  oppositely 
ehargetl,  mid  that  the  energy  per  cubic  centimeter  of  unstrained  lether 
is  less  tliiin  that  of  strained  lether,  and  that  the  work  done  in  what  is 
called  charging  A  and  B  is  really  done  in  straining  the  tHherall  round 
them.     When  the  airgap  breaks  down,  and  an  electric  spark  takes 
its  place,  there  is  quite  a  new  series  of  phenomena  produced.    Sud- 
denly, the  strained  irther  relieves  itself,  and  in  doing  su,  Kets  up  new 
motions  in  itself.    The  stmineil  state  was  probably  a  peculiar  state  of 
motion,  and  in  chaufring  back  t*t  ordinary  tether  a  new  and  quite  dis 
tiiict  atatc  of  motion  is  set  up.    This  new  state  of  motion  all  round  the 
mndnctors  is  most  intense  near  the  spark,  and  is  usually  described  as 
AH  electric  current  in  the  conductors  and  across  the  spark,  or  as  a  rush- 
vig  of  the  electric  charge  from  one  conductor  b)  the  other.    The  elec- 
tric current  is  accompanied  by  magnetic  force  in  circles  round  it,  and 
tW  tubes  of  magnetic  force  deftne  the  nature  of  the  new  movement  in 
'Ik  xther  as  far  as  we  know  it. 
Hitherto,  for  the  sake  of  simplicity,  the  existence  of  this  magnetic 
Kwce  has  l>een  unnoticed.     It  is  due  to  a  iieculiar  motion  in  the  a'ther 
all  ronnd  what  are  calle<I  electric  curn>nts.    The  current  iu  fact  con- 
li^teof  little  else  than  a  line,  all  nmnd  which  this  movement  is  going 
'ffl;  like  the  movement  surrounding  an  electrified  tmdy,  but  also  an- 
:    likt  it    Whenever  electric  forces  are  changing,  or  electrified  bodies 
I    moving,  or  electric  currents  runniiig,  there  this  other   peculiar  mo- 
tion exists.     We  have  every  reason  for  thinking  that  this,  which  may 
beealled  the  magnetic  strain  in  the  lether,  as  the  movement  all  round 
electrified  bodies  was  called  the  electric  strain — that  this  magnetic 
strain  oulyexists  iu  these  three  cii-ses:  (I)  When  the  electric  strain  is 
changing;  (2)  when  electrified  bodies  are  moving,  and  (3)  when  electric 
Qirrents  are  running.    These  three  may  be  all  cases  of  one  action ; 
certainly  the  magnetic  strain  that  accompanies  each  is  the  same,  and 
it  Kcms  most  likely  that  the  electric  change  is  only  another  aspect 
nf  the  magnetic  strain.    There  are  analogies  to  this  in  the  motion  of 
I     mntter  that  partly  help  and  partly  annoy,  l>ecaHs<i  they   jiartly  agret! 
I     aiid  iiai'tly  will  not  agree  with  tlic  ii'thcrial  phenomena.    Take  the  case 
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bit  of  the  rope;  a  link  has  an  individuality  that  identifies  it,  while  a 
t  of  the  rope  is  bo  indefinite  ttiat  it  is  not  so  easy  to  keep  ia  mind  any 
irdcular  bit. 

Consider  now  what  these  waves  are,  what  sort  of  motion  originates 
lem.  When  the  spriiiK  first  starts,  the  near  parts  of  the  chain 
nves  first.  What  hapi>eus  to  any  link  t  One  end  of  it  moves  down 
'fore  the  other.  What  sort  of  motion  then  has  the  linkt  It  must 
;  rotating.  Thns  it  is  that  change  in  the  displacement  is  generally 
«ompanied  by  rotation  of  the  links.  Tlius  it  is  that  change  in 
le  electric  strain  is  accompauietl  by  magnetic  strain.  Tbe  analogy 
oes  farther  than  this.  Each  wave  thrown  off  may  be  described  as  a 
ave  of  displaced — or  as  a  wave  of  rotating — links,  and  the  most  dis- 
Aued  are  at  any  time  the  most  rapidly  rotating  links.  Just  m  the 
ame  way,  what  have  hitherto  bceo  called  waves  of  electric  force  may 
Iso  be  looked  upon  as  waves  of  magnetic  force.  Because  there  are  two 
■^pects  in  which  tbe  motion  of  the  chain  may  be  viewed  does  not 
liminish  from  tlie  essential  unity  of  character  of  tbe  wave  motion  in  its 
caves;  and  similarly  the  fact  that  these  Hertzian  waves  have  an  elec- 
ric  and  a  magnetic  aspect  does  not  diminish  from  the  essential  unity 
)( character  of  the  wave  motion  in  them.  At  the  same  time  the  two 
elements,  the  displacement  of  a  link  and  t)ie  rotation  of  a  link,  are 
inite  distinct  things;  either  might  exist  without  the  other;  it  is  only 
iu  wave  propagation  that  they  essentially  co-exist.  In  the  same  way 
elwtric  strain  and  magnetic  strain  are  quite  different  things;  tbough 
ill  wHve  motion,  and  indeed  whenever  energy  is  transmitted  from  one 
Vlace  to  another  by  means  of  the  aether,  they  essentially  co-exist. 
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OS    THE    DISCHARGE    OP    ELECTRKUTY    THROUGH    EX- 
HAUSTED TUBES  WITHOUT  ELECTRODES.* 


By  J.  J.  Thomson,  F.  R.  8. 


The  foIlowiDg  experimentR,  of  wbicb  a  »)iort  ac<Miunt  was  read  before 
ihe  Cambrid^^e  Philosophical  Society  lawt  February,  were  originally 
nodertakeii  to  investigate  the  phenomena  attending  the  dim-'harge  of 
fitwricitj-  throngh  ganes  when  the  couditioni*  are  Himplified  by  confln- 
ingthedistmarge  thronghout  the  whole  of  itA  course  to  the  gas,  iostead 
of,  as  in  onliiiary  discharge-tabes,  making  it  pans  ftotn  nietaUic  or  glat<s 
eW'trodex  into  the  gas,  and  then  oat  again  from  the  gas  into  the  elec- 
trodes. 

In  order  to  get  a  closed  discharge  of  this  kind  we  must  produce  a 
fioite  electromotive  force  round  a  closed  circuit,  and  since  we  can  not 
do  this  by  the  forces  ari.sing  trom  a  distribution  of  electricity  at  rest, 
iremwit  make  use  of  the  electromotive  forces  produced  by  induction. 
To  break  down  the  electric  strength  of  the  gas  such  forces  must  be  very 
inteDse  while  they  last,  though  they  need  not  last  for  more  than  a  short 
lime.  Forces  satisfying  these  conditions  occur  in  the  neighborhood  of 
avire  throngh  wliich  a  Leyden  jar  is  discharged.  During  the  short 
tint  daring  which  the  oscillations  of  the  Jar  are  maintained  enormous 
nuTentfl  pass  tlirongh  the  wire,  and  as  with  a  moderate-sized  jar  these 
mnents  change  their  direction  millions  of  times  in  a  second,  the  dec- 
tmnutive  force  in  the  neighborhood  of  the  wire  is  exceedingly  large. 
To  make  these  forces  available  for  producing  an  electrodeless  discharge, 
lil  we  have  to  do  is  to  make  the  wire  connecting  the  coatings  j>f  the  Jar 
'be  primary  of  an  induction-coil  of  which  the  discharge-tube  itself  forms 
ihe  secondary.  The  arrangements  which  I  have  employed  for  this  pur- 
pose are  represented  in  the  accompanyitig  diagram. 

In  {a)  A  is  the  inside  coating  of  a  Leyden  jar:  this  is  connected  to 
B,  one  of  the  poles  of  a  Wimshurst  electrical  machine,  or  an  induc- 
tion-coil, the  other  pole  F  of  the  machine  being  conuecteil  to  B,  the  outer 
■tKiIingof  the  jar.  A  C  D  is  a  wire  connected  to  the  inner  coating  of 
El»€jar,  a  few  tunis  (3  (which  we  shall  call  the  primary  coil)  are  ma^lein 
Uiiswire;  these  turns  are  square  if  the  discharge-tube  is  square,  circu- 
W  if  the  discharge-tnbe  is  a  spherical  bulb.  The  wire  at  D  is  attached 
lean  air-break,  the  other  side  of  which  is  connected  with  the  outer 
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In.  EDob-  of  this  air^R^  os-in  ■»,} 
i  -  *«(■  f  i~  c^meeted  t«  tartL.  IV  4i 
:"Bei*i  eitfaer  rarUngabr  ndk^  «  i|b 
--  IB<> nmiMif c.  Whentk4ifeicDn 
«&aentJy  tarpe.  a  spark  pasws  wr 
■=Tii-  t«i-iliati.Hit.  sM  ap  prodan  a  hi 
'  — -  -riiooU  of  ^  cofl,  goSkaoit  im 
-f-  rn^hr  discliar^topaBa  Uuo^ 
--^Tnfcfi.1^  tbf  jare.  at  the  snggntiae 
■  '■•  '■     !:•■  diflereuthr.  and  are  r^twwi 


-  ~         ■     "^■-     ■•■     •  '-^titr  nianogs  of  whicli 

-     •     u. . '  ^  thf  primary  ooil  C, 

-.  ••     -....—    -t.  -.    one  pfJe  of  the  Wi 

-     ■■      ■■-■  '-  :-UMittVi>od  of arntng 

-     -        -  .    >    ->i    -siti-i-  latss  between  the 

-    ■     ^ -:-~,  ■    r."- *  Tf  rmmals  is  not  nra 

-     .■—<:»•*.-  r.-i^fc  in  the  airaii 

■^  ■  -t     -     R   -nr-»--*  ^crsratMl  by  the  i 

'.--*-    ■.  SL.;.  itr«<TeiiseiU  loa 

■  -        ■--         -i  ■     r  :  :^     A,-.-  ■rc;:.^  to  B.vejpe 

-     .--  .:...:*:-.  :;  :>l  :•>  rLin  in  squaretob* 

-^    z:^  .  ,:•-    ■■.-.]  «    -(  MI  ::•Ja.t>l■D^roiI.    if  aui 

,.  -...  t  !.■  I  »  .1    r-ii.-j:. :  a  iarjre  carrentong 

;.:    ......i;;.-  ;i-j.-.:  i  .ij-r   sappllt^  With  SUCh 

!:■;  ;i.  •  sii.-.-:r.>  1  ;.t:  tIk  c»;i  ill  the  linlbs  or  tot 
),t;.  ).t  >  SI.  ■*:•*  ; cv?o.r.r<- :  there  is  a  pressure 
■,iT  :-f-  Ltf*:'.-i-r^^  is  4  maximma,  and  as  in  endes 
-r~,i,.:«  ;".,*■  •■\:i,nisii.>n  may  be  carried  too  far, 
J  iyzm  t^(  ii>*r»-iiry  pump  which  will  allow  of  t 
[tlf  f:-*-":  the  pattern  which  I  have  naed  and  foiu 
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to  answer  very  well  im  called  the  Laiie-Fox  patteru.  VVUen  any  gas  in 
ntrodaced  it  shonld  be  sent  through  snlpbaric  acid  to  get  rid  of  any 
noisture  that  may  be  in  it.  Owing,  I  think,  to  the  presinure  in  ordiu- 
iry  iiicandesceut  lamps  being  very  different  Irom  that  at  which  the 
liftcharge  has  its  maximam  brilliancy,  I  have  met  with  very  poor  suc- 
«ss  in  attempts  to  produce  these  discharges  in  already  exhausted 
ubes  SDch  as  incandescent  lamps,  though  X  have  tried  a  considerable 
■limber  by  difl'erent  makers;  on  the  other  hand,  the  radiometers  which 
1  have  tned  allow  the  discharge  to  pass  pretty  readily,  tliongh  it  is  in- 
ierfered  witli  by  the  vanes,  and  is  not  eoinparalile  in  brilliancy  with 
tliat  obtaiueil  in  home-made  tubes  and  bulbs.  1  have  obtained  sjiarks 
easily  with  apparatus  of  the  following  dimensions:  two  gallon  jars,  the 
wtude  coatings  connected  by  a  wire  about  2  yards  lung,  the  coil  con- 
OBtiog  of  three  or  foor  turns,  each  about  3  iuches  in  diameter.  1  have 
wmebnlbswhieh  with  this  apparatus  will  give  a  bright  discharge  when 
the  diatance  between  the  terminals  of  the  Wimshurst  is  oidy  i  inch; 
tiiese  are,  however,  exceptionally  good :  it  more  fre<iaeutly  takes  a  spark 
an  inch  or  ao  inch  and  a  half  long  to  produce  the  discharge. 

I  find  that  Hittorf,  in  Wiedemann's  Annalen,  xxi,  p.  138,  descnbea 
the  light  produced  in  a  tube  round  which  the  wire  connecting  the  coat- 
ingsof  a  Leydenjar  is  twisted;  the  luminosity  in  HittorTs  exi)eriments 
eeems  to  have  filled  the  tube,  and  not,  as  in  the  experiments  described 
in  this  pai>er,  been  confined  to  a  ring.    It  seems  possible  that  tlie  dif- 
ference in  the  appearance  in  the  tubes  may  have  been  due  to  the  exist- 
ence of  an  electrostatic  action  in  Hittorf'a  experiments,  the  primary 
m\  gettiug  raised  to  a  high  potential  before  the  discharge  of  the  jar, 
ud  induciDg  a  distribution  of  electricity  over  the  inside  of  the  glass 
rithe  tube;  on  the  passage  of  the" spark  the  twtential  of  the  primary 
nl  trill  fall,  and  the  electricity  on  the  glass  re-distribute  itself;  to  effect 
this  re-distributioQ  it  may  pass  through  the  rarified  gas  in  the  discharge 
tube  and  produce  luminosity. 
In  my  experiments  I  took  two  precautions  against  this  effect.    In 
,    ibe  first  place  I  connetrted  the  primary  coil  to  earth,  so  that  its  poteii- 
I    tial  before  discharge  took  place  was  unattereil,  and  as  an  additional 
pwantiou  I  separated  the  discharge  tube  from  the  primary  by  a  cage 
iB*ie  of  blotting  paper  moistened  with  dilute  acidj  the  wet  blotting 
paper  is  a  sufficiently  good  conductor  to  screen  off'  any  purely  electro- 
"tatic  effects,  but  not  a  good  enough  one  to  interfere  to  au  appreciable 
silent  with  the  electromotive  forces  arising  from  rapidly  alternating 
•currents.    In  this  way  we  can  screen  oft"  any  electntstaticeftcetsdneto 
canget)  which  operate  before  the  electrical  oscillations  in  the  jars  begin. 
When  once  these  have  commenced,  there  ought  not,  T  think,  to  be  any 
'     separation  of  the  electro-motive  forces  into  two  parts,  one  being  called 
*lectro- static,  the  other  electro-dynamic.    As  this  iw  a  point  on  which  it 
i^desirable  to  avoid  any  misunderstanding,  I  hope  to  be  excut^ed  if  I 
ttat  it  at  some  length. 
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la  ;W  mtr  rwrnm-M  -■^acamiifi  id  obr  i»lieiioiuena  of  tbe  -  Eierlni 

Ma^fTiJT  Tf-ii^'  r  1-  i-uHiiinia-v  Jkni  bmi  inooiiveiiieut  u>  n^mnl  the 

e*«rti>>i»>T  i»  vcTv- a^  o«!rr(H«i  TiWD  irw.  amutws,  or  rather  an  «)b»sHde 

ol"  t«v  loivw  «Ae  j«m  iKiiuj:  cjildiibiiiiHd  bj-  tbe  ordinary  rnI(-(  iiTetectro- 

Maiics  &oa  tbe  diKtnl>iiti«ii  fri'  tdHiGnHsaT  in  tbe  fieltl,  tbe  other  part 

iM-iofT  tbf  diflcrenlia]  <>fw>JtH-i<nii  <if  t^  nrtor  potential  with  nspect  to 

tbe  tine.    From  a  tiiMbnm>iti(.al  ^Ham  ft  view,  tbere  is  a  good  deal  tn 

be  said  foe  tbu  diTi>i<>n:  tbe  two  f(>n«K  kive  very  distinct  and  stiariiJy 

cmitn.'-ted  aiulynral  pn>perttrs.    Rins  tie  Heartrostatic  force  posses^i^ 

iJK-  ;'r-<:*rn^  "!i-»t  its  line  iaie^ral  t&keo  maiHl  noy  closed  cnrvt-  vau 

>ii«f^  -wxj*-  tI-^  -arf>ee  tnie^^l  "f  it-*  innmal  component  taken  over  a 

•liwHHL  fiiritKV  43rs  not    in  p?nera]   vanish.    The  *' vector  poteotiiil 

•3iFiM.~  tiL  '.M  KJaur  ^::iL  does  not  in  geoeral  vanish  when  integratMl 

nMuiii  A  i-otwtt  v-Eivf:  Tlte  sarfai-e  inte^rral  of  its  uonnal  component 

u^Mi  .ivcr   111?  'Ml  «*i-  *.;r:'j»-e  however  vanishes.     When    however 

■•or  (ilt--;  .- qih:  «r  aiiu;u  a.i:'-eiujtical  calculation  a«  tbe  formatinii  of 

A  3iHi[^  ;><■  'UR'  -tr  iJw   »n».*t;ss»*  ^i-iair  <>u  in  the  field,  this  diviBion 

i'<s-j'-:  't— :i  ^♦■^^■'    -^f  -KiriMiifOJCT. *s  the  fa iidam en tal  quantities 

..-»•  :f»--!«»L  -••■v     :i*.:ni!4:it:i-  ^iid  v««C")c  i;i.<ient(als,  are  both  of  con- 

*n>nii'>   Mil- ■:«v:r>    it'in  ,t   hi>mi;u2  pijjjtB  *>f  view.     We  might  judge 

:::a;  -i..*  i:*!>;'*.i  -I'li*-    '>•  ■  n»-:B>ii:vi)  tiievv  mtw  two  parts,  the  one  de- 

7!» ;ii;e  -.r-'ta  i.t ,  <•  •.r"(rf:uiL-.  tie .itiiei"  froiu. ii  veolor.  potential,  is  ratber 

A:u.ti:>iii-i~'J^  i.wif   na.i  t  ^'ii^Mtui  reality,  from  the  fact  whfcli  I 

;^>ui%e«  -ut  u  A  -fi-wM   -.1  -.'Hviin.-:!!  theories  {R.  A.  Report,  1880),  thai 

lilt  ii;,'i  "(■*    iwnw^uii"    HitfiuMi  -i^tisties  the  mathematical  condition 

.11   >rii!,  ■'nn.MC.ui'i '•'■M  111  uiiiiite  velocity,  tlie  total  electromotive 

totvt   a  :iK-<.-«.>.'-r"-ai.».iim;v   ifi'i  rra\-els  with  the  vehxiity  of  light,  and 

'tOL.'i.ii-  ■•.n'4i,*i   *ti>-iMi;;iU-'l  ^4l  a  greater  velocitj-. 

•m  ui  i.'\;>«i""<.'i   --  i-its:!^;it»m  .-^leh  a«  that  described  in  this  paper, 

'(  !^  -mi  ^    nrv<'^;'i    't-ii  ■>»ir  metliutl  of  re^rding  tlie  phenomena 

siiou'U  «a4  ^'  ■:"<  si'.'i't-t  aualy>is  as  that  it  shoald  enable  us  to  pie- 

.  .y  ,.ii.-*iM«>    itv  ;n>'\ »•!!*«*  at  work,  in  the  field,  atid  to  decide 

\«(iit<>u<   h.Hi    '-*■<    •■•■•'   '•"*  '"  "fiTwi^e  the  experiments  so  aa  to  bring 

■    i    itfy  >*■>•  I   '■   '    I,'*  I- b»vu  ■'bwrvwl  into  greater  pnmimenee. 

IV    Mi-i^'v^  <ti»'i   !  ""■oi.*  ;iit"('teii  tVw  this  |iuri>ose  is  theoiiede- 

...kU    '*    'V    ■■    ■'•"    '■•■■■*■'"'"■•"'    W"^.-'"**-,  March,  1891,  and  whiel) 

^  1,     ..t'-  ■ -i  .  Ml  ^■  lu^  b>  the  dis|M>3itioti  and  motion  of  the 

"        ,^    ,,v,..Nta  ..«     ii.t  i'-i;>>a  itt  [fie  field.    These  tnbes  are  either 

^1   I,.  *■    It . I  .-.1,1^.  (I  f^i*.iw  wliere  free  electricity  exists,  every 

,    _  ;n,     ,^,  ,i.v  ■  1    -lie  «-:c  luiiig  tbe  ipiautity  of  electricity  "" 

,„\t\.,.   vativf;   '.vi:i!:  connected  by  a  unit  tube  to  a 

"".  '     _    ^,v,    iUv  ■>  o-'.'e  t;v,>*  starting  from  the  positive  elec- 

"'    '   ""^  ..  :;-     HI  .  K' ■'v,l::;*«^     At  any  innut  in  the  tield  the  elec- 

'"■'^  ""'  .'    -.vv-^  »-^  ■.-,■  lUiisity  of  the  tubeaof  electrostatic 

uv  >*ss'^*-  ■  ^^  .„_   ^v,^  ,'Uvtrieity  and  the  tul«s  i"  t''* 

'"'*'" '^'  ^  -.  ..;;i:Sein<elves  so  that  the  electro  motive 
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futeusity  at  auy  point  is  derivable  from  a  potential  fuoction ;  as  boou, 
howevt^,  as  the  etjuJIibrinm  in  disturbed,  the  tabes  move  about  and  get 
displaced  fit>in  their  original  iwaitions,  the  di8)>ORition  of  tubes  and 
therefore  the  electro-motive  intensity  are  changed,  and  the  latter  will 
DO  longer  be  derivable  from  a  potential  function,  and  according  to  the 
mathematical  theory  would  be  said  to  include  forces  due  to  electrostatic 
and  electro-magnetic  induction.  Acconliug  to  our  view,  however,  the 
caaae  of  the  electro-motive  intensity  is  the  same  in  both  cases,  viz,  the 
presence  of  tubes  of  electrostatic  induction,  and  the  electro-motive  in- 
lenaity  ceases  to  be  derived  froiq  a  potential,  merely  because  the  dis- 
tributioD  of  these  tubes  is  not  necessarily  the  same  when  they  are 
Doving  aboDt  as  when  they  are  in  equilibrium.  It  is  shown,  in  the 
paper  ahready  referred  to,  that  these  tubes  when  in  motion  produce  a 
nagnetic  forc«  at  right  angles,  both  to  their  own  direction  and  to  that 
iu  which  they  are  moTiug,  the  magnitude  of  the  force  being  4?  times 
the  product  of  the  strength  of  the  tube,  the  velocity  with  which  it  is 
moving,  and  the  sine  of  the  angle  between  the  direction  of  the  tube  and 
itsdirectioii  of  motion.  In  an  electric  Held  in  which  the  matter  is  at 
rest,  these  tubes  when  in  motion  move  at  right  angles  to  themselves 
witli  the  velocity  '■  r,"  that  at  which  electro-dynamic  disturbances  are 
propagated  through  the  medium.  We  can  easily  show  that,  K  being 
tbe  specific  inductive  capacity  of  the  medium,  the  line  integral  of 
4t.K  times  the  density  of  these  tubes  tuken  round  a  closed  circuit  is 
eqaal  to  the  rate  of  diminution  of  the  number  of  lines  of  magnetic  in- 
daction  passing  through  the  circuit.  Thus,  since  the  fundamental 
laws  of  electro- dynamic  action,  viz,  Faraday's  law  of  induction  and 
imper^s  law  of  magnetic  force,  follow  fjoni  this  conception  of  the  field 
Mprodueed  by  tubes  of  electrostatic  induction  moving  at  right  angles 
to  themselves  with  the  velocity  "v,"  and  producing  a  magnetic  force  at 
light  angles  both  to  their  own  direction  and  to  that  in  which  they  are 
iMving,  and  proportional  to  the  product  of  the  strength  of  the  tube 
mid  its  velocity,  it  is  a  conception  which  will  account  for  all  the  known 
phenomena  of  the  field.  It  furnishes,  in  fine,  a  geometrical  instead  of 
M  analytical  theory  of  the  field.  It  will  also  be  seeu  that  fix>m  this 
pwnt  of  view  the  magnetic  force,  when  intriKlnced  to  calculate  the 
Hcctro-motive  forces  arising  from  induction,  logically  comes  in  as  an 
int«llectual  middle-nan  wasting  mental  effort. 

We  may  thus  regard  the  distinction  between  electrostatic  and  elec- 
tro-magnetic electro-motive  forces  as  one  introduced  for  convenience  of 
analysis  rather  than  as  having  any  physical  reality.  The  only  differ- 
enie  which  I  think  could  from  made  from  a  physical  point  of  view  would 
he  to  define  those  efl'ects  as  electrostatic  which  are  due  to  tubes  of  elec- 
trostatic induction  having  free  ends,  and  to  confine  the  term  electro- 
maguetic  to  tbe  eflects  produced  by  closed  endless  tubes.  It  is  only 
however  when  the  electro-motive  tbrcesareproduced  exclusively  by  the 
uution  of  magnets  that  all  the  tubes  are  closed ;  whenever  batteries  or 
condensers  are  used,  open  tulH's  are  present  in  the  field.       CklCjIc- 
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whether  the  additiou  of  au  extra  turu  of  wire  is  beneficial  or  the  re- 
verse. The  brigLtiiesR  of  the  diKcharge  depends  apoo  the  time  of  the 
electrical  oscillatioiis  a»  well  as  upon  the  mafriiitndc  of  the  electro-mo^ 
tive  force.  TIidh,  in  tin  experiment  to  be  described  later,  the  brilliancy 
of  the  discharge  wa^  inereas^d  by  putting  nelf-iudactioD  in  the  leads, 
which,  though  it  diminmlied  the  intensity  of  the  electromotive  fon*. 
increased  the  time  constant  of  the  system.  When  the  discharge  tube 
was  sqaare  and  the  coil  C  ba^l  also  to  be  square  it  was  fonnd  most 
convenient  to  mahe  it  of  glass  tubing  bent  into  the  required  form  and 
filled  with  mercury.  When  however  the  discharge  was  required  in  a 
bulb,  the  ]irimary  roil  was  made  of  thick  gnttapereha-covered  copper 
wire  wound  round  a  beaker  just  large  enough  to  receive  the  exliausled 
bulb.  Titere  is  sometimes  cousiderable  difficulty  in  getting  the  fii«t 
discharge  to  pai«s  through  the  bnlb,  though  when  it  has  once  bwn 
started  other  discharges  follow  with  much  less  difficulty.  The  same 
effect  occurs  with  ordinary  sparks.  It  seems  to  be  dne  to  the  splitting 
np  of  the  molcculi's  by  the  first  discharge;  some  of  the  atoms  are  left 
nncombined,  and  so  ready  to  cxtnduct  the  discharge,  or  else  when  they 
re-combine  they  fonii  compounds  of  smaller  electric  strength  thau  tlie 
origiiml  gas.  When  the  distOiarge  was  loath  to  start,  I  found  the  moi>t 
effectual  way  of  inducing  it  to  do  so  was  to  pull  the  terminals  of  the 
Wimshurst  far  apart  and  then,  after  the  jars  had  got  fully  charged,  to 
push  the  terminals  suddenly  together.  In  this  way  a  long  spark  i^ 
obtained,  which,  if  the  pressure  of  the  gas  is  «uch  that  any  discharge 
is  possible,  with  the  means  at  onr  disposal  will  generally  start  the  dis- 
charge. 

Appearance  of  the  diacharge. — I^et  us  suppose  that  we  have  either  a 
square  tube  placed  outside  a  square  primary  or  a  bulb  placed  inside  a 
circular  coil  of  wire,  and  that  we  gi'adually  exhaust  the  discharge  tube, 
the  Jars  sparking  nil  the  time.  At  first  nothing  at  all  is  to  be  seen  in 
the  stH-ondary,  but  wiien  the  exhaustion  has  proceeded  until  the  pres- 
sure has  fallen  to  a  millimeter  or  thereabouts,  a  thin  thread  of  reddidi 
light  is  seen  to  go  ronnd  the  tube  situated  near  to  but  not  touching  tiie 
side  of  the  tube  turned  towards  the  primary.  As  the  exliaostion  pro- 
c(-eds  still  further,  the  brightness  of  this  thretul  rapidly  increase*,  as 
well  as  its  thickness;  it  also  changes  its  color,  hising  its  red  tinge  aud 
btH'oming  white.  On  continuing  the  exhaustion  the  luminosity  attains 
a  nmximiuu,  and  the  discharge  passes  us  an  exceedingly  bright  aod 
well  defluit)  ring.  On  continuing  the  exhaustion,  the  luminosity  begins 
to  diminisli  until,  when  an  exeeeilingly  good  vai-unm  is  reached,  iio  di^ 
charge  at  all  passes.  The  pn'ssure  at  which  the  luminosity  is  a  maii- 
mum  is  very  much  le-is  than  that  at  which  the  electric  strength  of  the 
gi)s  is  a  mlniinum  in  a  tube  pro\"id(Hl  with  electi-odes  and  comparable 
in  siitc  tn  the  bull).  The  pre.ssure  iit  which  the  disi'harge  stops  is  ei- 
e^-^'""'"  low.  and  it  rctpiirvs  long-i-ontiuue*!  pumping  to  reach  this 
'  see  tVom  these  results  that  the  difficulty  which  is  experi- 
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eoced  in  getting  the  dischage  t«  pasa  through  »u  onlinary  vncnam-tube 
wbeo  the  pressure  is  very  low  is  not  altogether  due  to  the  diffleulty  of 
getting  the  eleetririty  ft-om  the  electrodes  into  the  gus,  bnt  that  it  also 
Dpctirs  in  tubes  without  electrodes,  thougli  iu  this  case  the  critical 
jH-esaure  is  very  much  lower  than  when  there  are  electrodes.  In  other 
words,  we  see  that  as  the  state  of  the  bulb  approaches  that  of  a  i»er- 
fectvacuum  its  insulating  power  becomes  stronger  and  stronger.  This 
nsolt  is  coDfirtned  by  several  other  experiments  of  a  ditt'ereut  kiud, 
which  will  be  de8cril>ed  lat«r. 

The  discharge  presents  a  perfectly  continuous  appearance,  with  no 
sign  of  striation,  of  which  I  have  never  observed  any  trace  on  any  of 
ibese  discharges,  though  I  must  have  observed  many  tliousands  of 
ibem  under  widely  diflerent  conditions. 

Action  of  a  magnet  on  the  discharge. — The  discharges  which  take 
place  in  these  tabes  and  bulbs  are  produced  by  periodic  currents,  so 
that  the  discbarges  themselves  are  periodic,  and  the  luminosity  is  pro- 
duced by  currents  passing  in  opposite  directions.  As  this  is  the  case, 
it  seemed  jKJssihle  that  the  uniformity  of  the  luminosity  seen  in  the 
iliAcharge  was  due  to  the  super-position  of  two  stratified  discbarges  in 
opposite  directions,  the  places  of  niaximum  luminosity  in  the  one 
fitting  into  those  of  minimum  luminosity  in  the  other.  Since  these 
(liscliarges  are  in  opposite  directions,  they  will  l>e  pushed  op))08ite 
vays  when  a  magnetic  force  acts  at  right  angles  to  them,  the  dis- 
i-harges  in  opposite  directions  ciin  thus  be  separated  by  the  application 
I'ta  magnetic  force  and  examined  separately.  In  the  experiment  which 
VIS  tried  with  this  object,  a  square  tube  was  used  placed  outside  the 
imnary,  the  tnl>e  at  one  or  two  places  being  blown  out  into  a  bulb  so 
a  to  allow  of  the  wider  separation  of  the  constituent  discharges. 
When  one  of  these  bulbs  was  placed  in  a  magnetic  field  where  the 
fi>n-e  was  at  right  angles  to  the  discharge,  the  luminous  discharge 
tlirongh  the  bulb  was  divided  into  two  portions  which  were  driven  to 
opposite  sides  of  the  bulb;  each  of  these  portions  was  of  uniform  lunii- 
Mieity  and  exhibited  no  trace  of  striation.  It  was  noticed,  however,  iu 
making  this  experiment  that  the  diB<;harge  seemed  to  have  much  greater 
difficulty  in  passing  through  the  tulte  when  tbe  electro  magnet  was  on 
than  when  it  was  off.  This  observation  was  followed  up  by  several 
otlier  experiments,  and  it  was  foniul  that  the  discharge  is  retarded  in 
a  most  remarkable  way  by  a  magnetic  force  acting  at  right  angles  to 
the  line  of  discharge.  This  effect  is  most  strikingly  shown  when  the 
discharge  passes  as  a  ring  through  a  spherical  bulb.  If  such  a  bulb 
is  placed  near  a  strong  electro-magnet,  it  is  easy  to  adjust  the  length  of 
'park  !to  that  when  the  magnet  is  off  a  brilliant  discbarge  passes 
■bnmgh  the  bulb,  wiiile  when  the  magnet  is  on  no  discharge  at  all  can 
l*  ilete<rted.  The  a<;tion  is  very  striking,  and  the  exi)lanation  of  it 
which  seems  to  fit  in  best  with  the  phenomena  I  have  observed,  is  that 
the  discharge  through  tbe  raretied  gas  does  not  rise  to  its  full  intensity 
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mi^Kt/'Trry,  tmt  f»  it  wer«  f<e<-U  its  way.  Tbe  gas  fint  breaks  down 
rtlonir  Htf  (ififl  wh<T«  the  electro -motive  intensity  is  a  inaxiiiiiini,  and  a 
itm»ll  ilmintrtt*-  tiikeH  place  aloDg  this  line.  This  discharge  prodaces 
H  '"I'T'ly  "f  fll«>Miciatf!<l  molecules  along  which  sobseqaent  diechargea 
f  itn  f^"  wif,h  K^'iit^tr  eiise.  Thus  under  the  aetion  of  these  electric 
TtiT<i'n  Mif<  ((111  in  in  ti  Htsite  of  unstable  eqailibriam.  since  as  soon  as 
nrty  ■iimll  i\\i*i'Uarft*'  parses  through  it  the  gas  becomes  electrically 
tti-nUi-r  »[)■■  IcHK  iiblc  b)  resist  subsequent  discharges.  When  the  gas 
|a  Itr  ft  rtiii((licMc  fli'hl,  the  magnetic  force  acting  on  the  discharge  pro- 
fltiiM  H  mi^chaiilciit  forcn  which  displaces  tbe  molei-u)es  taking  put  in 
fh"  dlM-liiirifO  fn>m  the  line  of  maximuni  electric  intensity,  and  tbw 
■i«bM'i|ii''rit  dImOiarges  do  not  tind  it  any  easier  to  pass  along  this  line 
Ui  ftnim-iiHi'HVAi  of  the  posHage  of  the  previous  one.  There  will  not 
Mii'M^rorr  Ih*  the  same  instability  in  this  case  as  in  the  one  where  no 
ifiit(f niflli!  force  a^^ted  njton  the  gas.  A  contirmatioit  of  this  view  is,  1 
tUltik,  alTorded  by  tbe  appearance  presented  by  the  discbarge  when 
iUi:  JnM-iiMityof  the  magnetic  fleld  is  reduced,  so  that  the  discharge 
jiiaf.  -tint  only  Jiist^ — passes  when  the  magnetic  fleld  is  on.  In  this  case 
r|i*(  iliwOiHigc,  instead  of  passing  as  a  steady  tixed  ring,  dickers  aboal  | 
flit'  iiibf  In  a  very  undecided  way.  i 

If  l.)if  strength  of  the  inagiielic  fleld  is  reduced  still  farther,  so  that 
Mil'  iliwhargo  passes  with  ii;onie  ease,  tbe  bright  ring  which,  when  no 
tlDigliitlic  furcu  is  acting,  is  in  one  plane,  is  changed  into  a  luipinous 
bitlid  uituitt^-d  between  two  planes  which  intersect  along  a  diameter  ot 
til"  bulb  at  right  angles  to  the  magnetic  force.  These  planes  arein- 
I'lliu'd  at  a  I'OiiHidorable  angle,  one  being  above  and  the  other  belov 
IIh'  |)Iiiiii' of  the  undisturbed  ring.  This  displacement  of  the  ring  by 
lliii  iiiiigni<ti<i  fone  shows  that  it  consists  of  currents  circulattDgtan- 
((I'liliully  loiiiid  tlio  ring. 

'I'liiu  lU't.ion  of  a  niugiu't  on  a  discharge  flowing  at  right  angles  to  its 
|i)ii'.s  of  liii-co  is  not.  however,  the  only  remarkable  effect  produced  by  a 
iiiiiKiK'l  on  the  discharge.  When  the  lines  of  magnetic  force  are  along 
I  In-  line  of  dischiirgf',  the  action  of  the  magnet  is  to  facilitate  the  dis- 
rliiiiHc  1111(1  not  to  )-et»rd  it  as  in  the  former  ca>ie.  The  first  iudicatiou 
111'  iIiIh  whs  olisi-rved  when  the  Jars  were  connected,  as  in  (a)  Fig.  1- 

'I'li irl  h  <'i  II  HI  del  ion  being  removed,  in  this  case  there  is  a  glow  from 

llin  nhinH  Inio  the  bulb,  due  to  tbe  redistribution  of  the  electricity 
biilnt'i'tl  on  the  glass  by  the  primary  when  it  is  at  a  high  potential 
spark  passes.  If  the  primary  is  connected  to  earth  by  a 
au  air  tirtNik  in  it.  the  intensity  of  the  glow  may  be  altered 
((justing  the  length  of  Hie  air  break;  when  the  air-space  is 
llieiv  is  no  ghtw;  when  it  is  long  the  glow  is  bright  The 
cb  the  di.M'harge  was  to  take  place  was  placed  on  a  piece  of 
■r  (he  iHile  of  au  ehvlni-inagiiet.  and  the  air-siiace  in  the 
"lion  of  ihe  piiiiiai y  wii«  lutjustetl  so  that  when  the  magnet 
ii\v  WHS  iiIis(<i'V(m1  ill  ihe  tulie.     Wbeti  the  magnet  was  on, 
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however,  a  gloT  radiating  in  the  direction  of  the  Hnes  of  magnetic 
force  vas  produced,  which  lasted  as  long  as  the  magnet  was  on,  and 
died  away  raftidly,  bnt  not  instantaneously,  when  the  magnet  was 
taken  off.  In  this  case  the  discharge  seems  to  he  much  easier  along 
(be  lines  of  magnetic  force. 

The  following  experiment  shows  that  this  effect  is  not  confined  to 
the  glow  discharge,  but  is  also  o[>erative  when  the  discharge  passes 
entirely  through  the  gas.  A  square  tube  A6€D  (Fig.  (!)  is  placed  out 
^(lethe  primary  BFGH,  the  lowerpart  of  the  discharge  tube  CD  being 
siCnated  between  the  poles  L  M  of  an  electro-magnet.  By  altering  the 
leugth  of  spark  of  the  Wiinshurst  machine,  the  electromotive  intensity 
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acting  on  the  Hecondary  can  be  su  adjusted  that  no  discharge  passes 
rtnrnd  the  tube  ABOD  when  the  magnet  is  off,  whilst  a  bright  dis- 
ili»g€  occurs  aw  long  as  the  magnet  is  on.  The  two  eflectfi  of  the 
lutgnet  on  the  discharge,  viz,  the  stoppage  of  the  dim^harge  across  the 
Una  of  magnetic  force,  and  it*»  aweleration  along  thein,  maybe  prettily 
iHnstiated  by  phu-iug  in  this  exjierimeitt  an  exhausted  bulb  N  inside 
flif  primary;  then  the  spark  length  can  lie  adjusted  so  that  when  the 
iD^et  is  off  the  diwharge  passes  in  the  bulb,  and  not  in  the  square 
tabe,  while  when  the  magnet  is  on  the  discharge  passes  in  the  square 
tobe,  aud  not  in  the  bulb. 

Tbe  ex|>erimeuts  on  the  effect  of  the  magnetic  hehl  on  the  discharge 
*en  tri€d  with  air,  carbonic  acid,  and  oxygen,  but  I  eouhl  not  detect 
my  difference  in  the  behavioi  of  the  gases. 

The  explanation  of  the  longitudinal  effect  of  magnetic  furi;e  seems 
more  nbs^^^^e  than  that  of  the  transverse  eft'ect;  it  is  imssible  how- 
*-nt  that  both  may  he  due  to  the  same  cause,  for  if  tlie  feeble  dis- 
rharge  which  we  suppose  prw-cdes  the  main  discharge  branches  away 
^all  from  the  line  of  main  discharge,  the  action  of  the  magnetic  force 
*^beo  it  is  along  the  discharge  will  tend  to  bring  these  branches  into 
'bemaiu  tine  of  discharge;  and  thus  there  will  be  a  greater  supply  of 
dissociated  moleeules  along  the  main  line  of  discharge,  and  therefore 
aseasier  path  for  the  subsequent  dis<'Iiarges  when  the  magnetic  force 
is  acting  than  when  it  is  absent. 
It  is  perhaps  not  necessary  to  itssume  that  the  niecbauical  action  of 
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tli<4  riianitetWi  toTfn  Ih  oti  a  small  diecharge  preceding  the  main  one: 
Mpk  Ht'lloii  (if  thu  miitfiietic  force  on  tbe  chaiu  of  ])olarized  molecules 
wliit'li  imi  foriiifd  litiforu  the  discharge  passes  inigbt  produce  an  effed 
iHllllvuliMit  Ut  tliat  which  we  have  supiwsed  was  prmliiced  on  an  actaul 
illM-hiirifo. 

The  (Oiiiiii  of  pulDTized  molecules  would  be  affected  in  the  followiug 
way :  TIh'  niiifinetic  Held  due  to  tbe  electro-magnet  consists  of  tubes  trf 
I'ltH-lroHlatic  Induction  moving  about  these  tubes,  as  well  as  the  direc- 
1 1(111  III  which  tht<y  ai-e  moving,  are  at  right  angles  to  the  lines  of  mag- 
ni^Mo  nu'i^i.  Tlio  short  tubes  of  el(H;trostatic  induction  which  .join  the 
iiloiiia  till  lie  niiihvulvsof  the  gas  will,  under  the  influence  of  the  electric 
IdltK*.  W't  thciiiM'lve.s  parallel  to  the  dii'ectiou  of  the  electro-motive  in- 
loiiMily  at  eut'U  iHtint. 

TItUH,  wtieit  tiw  magnetic  foiee  is  at  right  angles  to  the  line  of  dis- 
t'hiti  HIS  t  iiIh>m  of  (iltH'tntstaiic  iiidnction  parallel  to  those  in  the  molecules 
will  Ix^  uiovtiii£al>uut  in  the  tiWd;  and  since  parallel  tubes  exert  attrac- 
liini  and  leptilnion  »u  each  other,  the  molecular  tubes  will  be  knocked 
alioul  uutl  (heir  etforttt  to  furui  clo^^ed  chiiius  made  much  more  difficalt 
(ly  tho  actiott  of  the  magnet.  On  the  other  hand,  when  the  lines  of 
uiatfUt'tUi  force  are  parallel  to  the  discharge,  the  moving  tubes  are  at 
I'igiit  angles  to  those  iu  the  molecules,  and  will  not  disturb  them  in  tbe 
nftiiui|it  to  form  chains  along  the  line  of  magnetic  force;  they  will  in 
liit'l  iiHaiHt  them  iu  doing  so  by  preventing  all  attempts  in  directions 
tiiU'ottN  the  lines  of  force. 

I'i'iif,  O.  I''.  Kitzgerithl  has  suggested  to  me  in  conversation  that  tbis 
u«li(UUif  a  nukguet  on  thediscbargemightbethecauseof  the  "streamers' 
whii^h  aiit  iil)serv(>d  iu  the  aurora;  the  rare  airbeing  electrically  weaker 
iihing  Mie  lines  of  magnetic  force  than  at  right  angles  to  them  will  cause 
I  Ii(>  ttischarge  in  the  direction  of  those  lines  to  be  the  brightest. 

Oinfhiiff/f  through  different  gawfi. — I  have  examined  the  discharge 

IJirougii  nir,  carbonic  acid,  hydrogen,  oxygen.  c<ml  gas,  and  acetylene. 

An  I   hnve  already  mentionetl.  at  the  highest  pressures  at  which  the 

(|JHcltiirg<<  passes  through  air,  the  discharge  is  reddish,  and  gets  brighter 

and  whiter  at  lower  pressures.     If  the  discharge  is  examined  through 

il  H|itit'lros('0])e,  the  lines  in  the  s[>ectrum  coincide  with  those  obtaiued 

by  s|Uii'klng  through  air  in  the  ordinary  way  with  a  jar  in  tbe  circnit 

'I'lio  nihitivc  brightness  of  the  lines  in  tbe  spectrum  of  the  discbarge 

without  oloctrodes  varies  very  much  with  the  pressure  of  the  gas  and 

h  of  spark  in  the  jar  circuit.     With  a  long  spark  in  thi$  cir- 

(he  pressuiT  such  as  to  give  a  bright  white  discharge,  tbe 

is  very  much  like  tliat  of  the  ordinary  jar  discharge  in  »ir. 

iwcvor  the  pressure  is  so  low  that  the  discharge  passes  witb 

a  few  lines  in  the  siKt-trum  shine  out  very  brightly,  whilst 

i-ouie  fiunt,  so  faint  indeed  sometimes  that  if  the  air  si)ectniui 

thrown  into  the  llehl  of  view  of  the  spe<'troscope  at  the  same 

ight  pn-ss  uunoticeil.     Three  lines  which  are  very  i^rsistr 
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ODt,  tbe  first  a  citron  greeo,'  the  second  a  more  refrangible  green,  and 
lire  third  »  blue,  I  am  inclined  to  tbiiik  must  be  due  to  mercury  vapor 
from  tbe  pump. 

I  am  indebted  to  Prof.  Liveing  for  the  loan  of  a  very  fine  direct- 
vision  spectroscope,  aud  to  him  aud  Mr.  Robiniwu,  of  the  Cambridge 
riiemicul  Laboratory,  for  valuable  ativice  in  the  attempts  which  1  made 
to  photograph  the  spectra  of  some  phosphorescent  glows  mentioned 
Mov/. 

1  lihduld  like  to  call  attention  to  the  advantages  for  siiectrosc^opic 
purposes  which  attend  tliis  method  of  producing  the  discharge;  it  is 
easily  done  either  by  an  ordinary  electrical  machine  or  an  induction 
toil.  An  intensely  bright  discharge  is  got,  and  there  is  no  danger  of 
toDiplication  arising  fl:om  the  spectrum  of  the  gas  getting  mixed  with 
diat  of  the  electrodes. 

Ukcharge  in  o^gen. — By  far  the  most  remarkable  appearance  is  pre- 
sfnled  when  the  discharge  passes  through  osygen,  for  in  this  gas  the 
liri^'bt  discharge  is  succeeded  by  a  phosphorej^cent  glow  which  lasta 
fur  a  eousttlerable  time ;  indeed,  with  a  strong  discharge  it  may  remain 
Tidble  for  more  than  a  minnte.  When  the  discharges  succeed  one 
anotlier  pretty  rapidly,  the  phosphorescence  is  so  strong  that  it  hides 
tlie  successive  bright  discharges,  and  the  tube  seems  permanently  full 
of  a  bright  yellow  fog.  We  can  thus,  by  the  use  of  this  gas,  convert 
th«  intermittent  light  given  by  the  bright  discharge  into  a  continuous 
one. 

Perhaps  the  most  striking  way  of  showing  this  phosphorescence  is  to 
UK  ft  long  tube,  about  a  met«r  long  and  6  or  7  centimeters  in  diameter, 
liSia  bulb  blown  in  the  middle,  the  primary  coil  being  twisted  round 
itMbtilb.  Then,  when  thesparks  pass  between  the  jars,  a  brightring 
^ivfaarge  passes  through  the  bulb,  from  which,  as  if  shot  out  from  the 
,  ring, the  phosphorescent  glow  travels  in  both  directions  along  the  tnbe, 
moving  slowly  enough  for  its  motion  to  be  followed  by  the  eye.  It  can 
Mrt,  therefore,  be  produced  by  the  dire*t  action  of  the  light  from  the 
'Tark  on  the  gas  in  the  tube,  for  if  it  were,  the  glow  wou!<l  travel  with 
1»  velocity  of  hght.  It  is  necessary  to  mention  this  jwint,  for  the 
light  from  these  discharges  has  great  jH>wers  of  producing  phosphoree- 
«nce. 

fhe  glow  seems  to  i-onsist  of  gas  wliich  has  been  in  the  path  of  the 
discharge,  and  whose  molecules  have  been  split  up  by  it  and  projected 
fwmthe  line  of  discharge.  This  gas  which,  when  projecteil,  is  in  a 
pwaliar  state,  by  a  proees-s  of  chemical  combination  gradually  returns 
to  ita  original  condition,  and  it  is  while  it  is  in  this  state  of  transition 
^m  its  new  condition  to  the  old  that  it  i>hosphoresct's.  If  this  is  the 
«wwe  should  expect  that  the  |>eriod  of  iilnrnphorescence  would  be 
sborteoed  by  raising  the  temi>erature.  On  trying  the  experiment  1 
found  that  this  took  place  to  a  very  marked  extent.  A  di«cliargc  bulb 
filH  with  oxvgen  at  a  low  )m  ensure  n  as  jilaced  over  ii  Kunsen  burner; 
U.Mi.s]14 l(i 
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the  spark  length  io  the  primary  circuit  may  be  so  adja^ted  thut  »  dis- 
rhATge  passes  when  there  is  a  cleur  way  ratiDd  the  tube,  but  stops 
ifben  a  pellet  of  mercury  is  fon:e<l  up  so  as  to  chxse  the 
^Dgway.  I  noticed  a  siniiUir  effect  in  my  experiments 
with  a  long  vacnnni  tube  described  in  the  ProceetlinfiH  of 
Ae  Royal  Societg  for  .January,  1891, 

I  bad  another  discharge  tube  prepared,  of  which  a  sec- 
rioQ  is  shown  in  Pig.  8,  ir,  in  which  iv  diaphraf^m  (AB)  of 
thincopper  plate  waH  placed  acroBH  the  tube;  the  diaphragm 
happened  to  cateh  at  the  bottom  of  the  tube,  so  that  it 
divided  the  latter  rather  unequally,  and  )eft  a  narrow  pan- 
>»g6  round  its  edge.  As  much  of  the  discharge  as  there 
Its  room  for  went  round  the  edge  of  the  plate;  the  remain- 
tewas  not  able  to  get  through  the  copper,  but  formed  a 
dEisvd  circuit  by  itself  in  the  larger  segment  of  the  tube. 
Id  iiiiother  tube,  which  is  represented  in  set'tiou  in  Fig.  8,  ^,  ^"'- ' 
the  I'opiMT  diaphragm  was  attach)^  to  the  walls  of  the  tube  by  seatiug- 
"u,  so  that  there  was  no  free  way;  in  this  case  the  discharge  again 
lefa^ed  to  go  through  the  coi)per,  and  split  up  into  two  separate  dis- 
fharges,  as  in  the  ttgnre.  When  the  tube  was  divi<led  l)y  copper 
dinphragms  into  six  segments,  as  in  Fig  8,  y,  no  discharge  at  ail  would 
pass  through.  When  the  primary  was  slipped  up  the  tube  above  the 
■Ibphrugm,  a  brilliant  discharge  vas  obttuned.  These  four  experi- 
ments all  illustrate  the  diflSculty  which  the  electricity  ba»  in  getting 
transferred  from  a  gas  to  another  conductor. 


There  ia  no  discharge  through  the  secoudary,  if  it  is  of  such  a  kind 
Ihat,  considering  a  closed  curve  drawn  in  it,  the  electro  motive  inten- 
sityas  we  travel  along  the  curve  tends  to  iH)IariKe  the  particles  in  one 
lialfof  the  chain  in  one  direction,  and  iu  the  other  half  in  the  opposite 
'lirectiini,  the  direction  being  reckoned  relative  to  the  direction  we  are 
'raveling  round  the  carve.  Thus  for  example  if  we  take  a  tube 
»h((se  axis  is  bent  back  on  itself,  as  in  the  figure,  the  electromotive 
iotcnNity  will  tend  to  polarize  the  particles  in  one  part  of  the  <'hain  iu 
the  dh^tiou  of  the  arrow,  and  those  iu   the  other  in   the  opposite 
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direction;  it  is  impossible  to  get  a  rtiscliarge  tbroogh  a  t«b»  <rf  Mat 
kind. 


the  1 

rom   I       ^~\ 


On  the  other  hand,  the  molecules  exhibit  remarkable  poweis  of  mak- 
ing closed  chains  for  themselves  vhen  not  actually  prevented 
by  the  action  of  the  electro- motive  intensity.    Thos  tbe  dis- 
charge will  paws  through  a  great  length  of  tnbing  in  the 
secondary,  even  if  it  is  bent  up  as  in  Fig,  10,  where  the  ver- 
tical piece  in  the  upper  part  of  the  secondary  is  at   right 
angles  to  the  direction  of  the  electric  force,  and  where  the 
molecules  will  receive  no  help  in  torming  closed  chains  from 
the  action  of  the  external  electro-motive  forces.    I  have 
ceeded  in  sending  <li»chai^e8  through  tubes  of  this  hind 
to  14  feet  in  length.  fw-  » 


eurrenU  in  the  tubes. — One  very  notieeaWe 
a  the  well-defined  character  of  the  ring,  if 

If  a  large  bulb  is  used  for  tbe  secondan 

primary  just  ontside  it,  when  the  sparki' 
nreen  the  jars  a  bright,  well-defined  noj? 
irongh  the  bulb  near  to  the  surface  of  ih* 
i  gas  inside  this  ring  being,  as  far  as  can 
1.  quite  free  from  any  discharge.  If  now  a 
se  diameter  is  less  than  that  of  the  laniin- 
ts  iuserteil  in  the  primary  in  plac-e  of  tbe 
lb.  a  bright  ring  will  start  in  this,  thoagb 
isUiitce  from  the  primary  there  was  nodis- 
a  the  larger  bulb.    Thos  when  the  la^ 

in  the  primary,  the  discharge  ihrougb  it^ 
rtinns  screened  the  interior  from  electro 
irces  to  an  extent  sufficient  to  stop  a  (iis 
hich  would  otherwise  take  place. 
ese  discharges  is  also  shown  by  the  foil"*- 
K- 11.  is  the  se<'tionof  a  glass  vessel  shapf^ 

in  the  inner  portion  A,  B.  C  of  this  vessel 
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ail  exbuasted  tube  is  placed,  while  n  pipe  froci  tbe  outer  vessel  lead.s 
to  u  mercury  pump  and  enables  ii»  to  alt^r  tlie  pressure  at  will.    Tlie 
nrimary  coil,  L,  M,  is  wound  round  the  outer  tube.     When  the  air  iu 
lie  outer  tube  is  at  atmospheric  pressure,  the  <ligcbarge  cauBe<l  by  the 
H'tion  of  the  primary  passes  in  the  tube  E  inserted  iu  A,  B,  C ;  but 
fhva  the  pressure  in  the  outer  tube  is  reduced  until  a  discharge  passex 
hrongh  it,  tbe  discharge  io  the  inner  one  stops;  tbe  discharge  in  the 
mter  tube  has  thuH  shielded  tbe  inner  tube  from  the  m-tion  of  the 
trimary.     If  the  exhaustion  of  the  outer  tube  is  carried  so  far  that  the 
liitcbarge  through  it  ceases,  that  in  tbe  inner  tube  Itegins  aguin.     It  re- 
laires  very  high  exhaustion  to  do  this,  and  as  on  account  of  Che  joints 
i  M  unsafe  to  make  the  vessel  very  hot  during  the  pumping,  I  have 
innd  it  impossible  to  keep  a  vacuum  good  enough  to  show  this  effect 
bt  more  than  from  half  to  three-t^uart^rsof  an  hour;  in  that  time  suffi- 
cient gas  seems  to  have  escaped  from  the  sides  of  the  vessel  to  make 
the  pressure  too  bigb  to  show  this  effect,  aud  It  then  takes  from  two  to 
three  hours'  pumping  to  get  the  tube  bmk  again  int^t  its  fbrmer  state. 
Ad  interesting  feature  of  this  experiment  is  that  for  a  small  range  of 
pressure,  just  greater  than  that  at  which  the  diwrharge  first  appears  in 
tbe  outer  tube,  there  is  no  discharge  in  either  of  the  tube.s;  thus  the 
wtion  of  the  ]>rimary  is  screened  off  from  the  inner  tube,  though  there 
is  no  luminosity  visible  io  the  outer  one ;  this  shows  that  a  discharge 
Miaivalent  in  its  efi'ects  to  a  current  can  exist  in  the  gas  without  sufli- 
-  milt  lomiiiosity  to  be  visible  even  in  a  darkened  room.    We  shall  have 
ocmsion  to  mention  other  eases  in  which  the  existence  of  a  discharge 
wu-lumtnoiis  throughout  the  whole  of  its  course  is  rendered  evident  in 
aauilar  way. 
Another  experiment  by  which  the  screening  can  be  effectively  shown 
i  i^to  place  tbe  primary  coil  inside  a  belljar  which  is  connected  with  a 
Mrcnry  pomp,  the  electrical  connexions  with  the  primary  being  led 
trough  mercury  joints.     An  exhausted  bulb  is  place<l  inside  the  pri- 
Diary,  the  bulb  being  considerably  smaller  than  the  primary,  so  that 
'  there  is  an  air-space  between  the  two.     Before  tbe  bell-jar  is  exhausted 
the  discharge  passes  through  the  bulb,  but  when   the  bell-jar  is  ex- 
I   W^ted  sufficiently  to  allow  of  tbe  discharge  passing  through  the  gas 
wtside  the  bulb  the  discharge  iu  the  bulb  ceases,  and  the  only  dis- 
fliarge  is  that  outside.     I  have  never  been  able  to  exhaust  the  bulb 
nSdeutly  well  to  get  the  discharge  outside  the  bell-jar  to  cease,  and 
t'nat  in  the  bulb  to  appear  again,  as  in  tbe  preceding  experiment.    In 
tliis  experiment,  as  in  the  preceding  one,  there  was  a  range  of  pressure 
^hen  neither  the  bnib  nor  the  boll-jar  was  luminous,  showing  again  the 
tiiBtence  of  currents  in  tbe  gas  which  are  not  accompanied  by  any 
■ppreciable  luminosity. 

A  carious  bendiug-in  of  tbe  discbarge  which  takes  place  in  a  square 
tiibe  provided  with  a  bulb  can,  I  think,  be  explained  by  the  principle 
of  shielding.    The  discliarge  in  the  bulb  does  not,  unless  v«iy  Itu 
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]ect«fl  toother  so  that  it  formed  »  c1o9<mI  iriri'iiit,  the  other  tabe  con- 
ained  nothing  but  itir  at  a  low  pressure.  When  this  double  tube  was 
>liiced  outside  the  primary  thr  discharge  went,  at  the  passage  of  each 
ipark^  through  the  tube  without  a  wire,  while  the  tube  containing  the 
Tire  remained  quite  dark.  A  similar  experiment  was  tned  by  taking  a 
'ylindrival  tube  and  susjiending  in  it  a  metal  ring  eo-axlal  with  the 
nbe;  JD  this  case  it  was  easy  to  a^^ust  the  spark -length  so  that  no  dia- 
-barge  i>assed  through  the  tube  when  the  primary  was  placed  round  it 
ii  tbe  level  of  the  ring,  while  a  dis<;harge  x>assed  as  soon  as  the  primary 
was  moved  above  or  below  the  ring. 

Another  very  convenient  tube  for  showing  this  effect  is  tbe  one  with 
the  boUow  down  the  middle,  Fig.  11 ;  when  this  is  pumped  so  that  din- 
eharges   can  pass  through  the  outer  tube  the  spark-length  can  be 
adjusted  ho  that  the  di.scharge  stops  immediately  when  a  metal  tube,  a 
te&t-tabe  containing  a  strong  solution  of  an  elet-trolyte,  (»r  a  tube  con- 
taining au'  at  a  pressure  at  which  it  is  electrically  very  weak,  is  placed 
in  the  central  opening.     The  dis<'harge  is  renewed  again  as  soou  as  the 
tnbes  are  remove<l.    On  one  oi-casion,  when  the  large  tube  was  in  a 
peculiarly  sensitive  state,  1  was  able  to  see  ilistinctly  the  diminution 
prodaeeil  by  a  dielectric  in  the  electromotive  intensity  parallel  to  its 
Rnrface.     The  discharge  stopped  as  soon  as  a  stick  of  sulphur  or  a 
glass  rod  sufBciently  large  almost  to  fill  the  opening  was  inserted,  and 
was  renewed  again  as  soon  as  thewe  were  withdrawn.     It  requires  how- 
ever the  large  tube  to  be  in  an  extremely  sensitive  state  for  the  effect 
produced  by  a  diele^itrie  to  be  api>arent,  and  I  have  only  on  one  occa- 
SDD  succeeded  in  getting  the  tube  into  this  i^ondition.    The  effect  on 
that  (N-casion  however  was  so  definite   and  regular  that  I  have  no 
doubt  as  to  the  existence  of  the  screening  effect  due  to  the  dielectric 
When  the  tube  is  of  average  sensitiveness  dielectrics  do  not  pro- 
duce any  appreciable  effe^^t,  nor  can  the  influence  of  even  comparatively 
w  good  a  conductor  as  distilled  water  be  detected,  and  it  is  not  nutil 
alter  tbe  addition  of  a  considerable  quantity,  10  to  20  per  cent  of  sul- 
phuric acid  or  ammonium  chloride  that  the  insertion  or  withdrawal  of 
tbe  tube  stops  or  starts  the  discharge. 

A  tube  containing  air  at  a  low  pressure  is  very  eflteacious  in  stopping 
the  discharge,  and  the  result  of  the  wimparison  of  the  relative  effects 
i>f  an  exhausted  tube  and  a  tube  of  the  same  size  and  shape  coiitain- 
ing  a  solution  of  an  electrolyte  are  very  remarkable.  I  found  that  an 
pibausted  tube  which  contained  air  at  a  very  low  pressnre  (less  than 
iV  of  a  milhmetre)  produ('«d  as  mach  effect  on  the  discharge  iii  the 
iinter  tube  as  a  tube  containing  at  least  oO,000  times  us  many  inole- 
i-nles  of  ammonium  chloride.  This  wouhl  be  expressed  in  the  language 
o(  electrolysis  by  saying  that  under  the  elei-tro- motive  intensity  to 
vliii^h  it  was  exposed  in  this  experiment  the  molecular  conductivity  of 
tbe  gas  is  50,000  times  that  of  the  electrolyte.  The  proportion  betwe<>" 
Uie number  of  air  molecules  and  the  number  of  molecules, (rf*  an  ql 
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;il>le.  At  the  highest  pressure  at  which  the  discbar^t;  passed  it  took 
The  form  of  a  tliiii  riiig  rouud  th*  middle  of  A;  as  tlie  pressure  got 
lower  and  lower  the  discharge  broivdeiied  out,  and  at  very  low  pressures 
tbnncd  for  the  greater  part  of  its  course  two  separate  riugs  which  ran 
together  iu  the  space  between  one  side  of  the  sphere  and  tlie  tube. 


On  the  effect  produced  by  conductors  near  the  discharge  (w6e. — The 
inteusity  of  the  discharge  is  very  much  affected  by  the  presence  of  eon- 
daetors  in  the  neighborhood  of  the  discharge  tube,  eapecially  conductors 
■liich  have  large  capacity  or  which  are  connected  to  eaitli.  Let  us 
take,  for  example,  a  very  simple  case,  that  of  a  bulb  surrounded  by  a 
frimary  which  is  connecte<l  to  earth-,  in  this  case  the  approach  of  the 
kad,  or  any  conductor  connected  to  earth,  will  make  the  discharge 
Iri^hter  and  at  the  Name  time  less  well-dcfiiuHl  at  the  etlges;  touching 
ttetobe,  though  this  is  already  connectetl  to  earth,  produces  a  very 
narked  effect  in  increasing  the  facility  of  the  discharge.  We  can,  I 
ihiak,  understand  the  reason  of  this  if  we  consi<ler  the  behavior  of  the 
Inbes  of  electrostatic  induction.  When  the  spark  passes,  these  tubes 
l^ee  Fig.  2,  p.  234)  rush  out  from  the  jars  and  make  for  the  primary ;  in 
their  journey  to  the  jirimaiy  they  pass  through  the  bulb  and  produce  the 
discharge.  Let  us  suppose  now  that  there  is  a  large  conductor  situated 
wmewhere  near  thebutb;  the  tubes,  as  before,  nish  from  the  jar  to  the 
inmary,  but  in  doing  so  some  of  them  strike  against  the  conductor; 
the  tubes  which  do  so  lose  the  iiortioii  insi<]e  the  conductor,  acquire 
two  ends  each  on  the  surface  of  the  condu<'tor,  and  swing  round  until 
Ibcy  are  at  right  angles  to  its  surface;  they  remain  momentarily 
anchored,  as  it  vere,  to  the  conductor,  and  if  the  conductor  is  in  the 
Deigbborhood  of  the  bulb,  they  will  in  general  help  to  increase  the 
maximum  density  of  the  tubes  passing  through  the  bulb.  Though 
these  tubes  may  not  approximate  to  closed  curves,  and  so  directly  pro- 
dni-e  a  ring  discharge,  they  may  readily  facilitate  this  discharge  indi- 
rei-tly;  fur  even  those  tul>es  which  go  radially  through  the  bulb  ma; 
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produce  a  glow  Uiscliiirge  from  tbe  glass  ioto  the  bulb,  aod  may  tbas 
furnish  a  Bupi>ly  of  dissociate*!  molecalps  through  which  tbe  ordiitaryriiig 
discbarge  can  pauH  with  mncb  greater  readiness.  For  nothing  is  raw* 
striking  than  the  enormous  difference  produced  in  the  elet.-tiie  strength 
of  tliese  rarefied  gases  by  the  jtansage  of  a  spark.  It  is  wmMiiet^ 
diflicuU  Co  get  the  discharge  to  pass  at  Arst,  but  wfaea  om-e  a  spark  has 
passed  tlirougb  ttie  gas,  a  spark  length  one-qnarter  the  length  of  that 
nectessary  to  originate  the  discharge  wiU  l>e  found  sufficient  to  main- 
taiu  it. 

It  is  sometimes  convenient,  in  ciise^i  where  diffi<:nlty  is  found  in  start- 
ing the  discharge,  to  avail  oitrselvert  of  this  property  by  connectinf  lie 
mercury  of  the  pump  to  which  the  tube  is  attached  with  one  taaia/i 
of  an  induction  coil,  the  otiier  terminal  of  which  is  put  to  earth.  Whn 
the  induction  coil  i.s  in  action,  a  glow-discharge  fills  the  pomp  and  tnbe, 
and  while  this  glow  exists  the  electrodeless  discharge  can  easQy  be 
starte<l;  once  having  been  startetl,  it  will  continue  after  the  indnction- 
coil  is  stopped.  An  experiment  of  this  kind,  which  I  had  occasion  to 
make,  gave  very  clear  eridciice  of  the  way  in  which  dissociated  mole- 
culcM  are  jirojccted  in  all  directions  from  the  negative  electrode  in  an 
ordinary  discharge  tube,  but  not  from  the  positive.  Tbe  discharge  tal* 
was  fused  onto  the  pump,  and  at  iiii  elbow  two  terminals,  c  aud  d,  Fig. 
14,  were  fnsed  into  the  glass;  these  terminals  were  connected  with  ao 
induction  coil,  and  the  pressure  in  the  tnbr 
was  such  that  the  electrodeless  discharge 
would  not  start  of  itself.  When  the  g4h1  vm 
punip  -^  Vt^      turned  on  ho  tliat  c  was  tbe  negative  olectrode 

the  electrodeless  discharge  in  the   tnbe  at 
once  took  pla<'e,  but  no  effect  at  all  was  pro- 
duceil  when  c  was  positive  and  d  negatiTe- 
We  may  thus  regiird  tbe  effect  produced  by 
the  presence  of  a  conductor  as  due  to  tb» 
conductor  ditching  the  tubes  of  electrostatic 
induction   and  concentrating   them  on   the 
Qdischarge  tubes;    these  tubes  in  many  cases 
acting  indirectly  by  producing  a  glow  dis- 
charge through  the  tube,  which,  by  dimini"'' 
iiiR  the  electric  strength  of  tbe  gas,  makes 
dischargesof  any  other  kind  very  much  easier. 
Though  the  presence  of  a  conductor  near  the 
general,  concentrate  the  tubes  of  electrostatic 
rge  tube  more  than  would  otherwise  be  thecase, 
s  liapi>en.    When  in  some  positions  tbe  condnc- 
time  from  the  discharge  tube  tubes  of  elentrfr 
would  otherwise   pass  through  it,  and  thus 
densit>-  of  the  tulies  of  electrostatic  indaction 
Lod  hence  tend  to  stop  tbe  discbarge.     1  have 
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Treqiieutly  met  with  cases  where  the  presence  of  a  conductor  diminishes 
the  inteasity  of  the  discharge.  One  of  the  most  strilcing  of  these  is 
when  the  two  jars  are  insulated,  and  a  square  discharge  tube  used. 
The  spark  was  adjusted  so  that  the  discharge  just,  but  only  Just,  went 
rouud  the  tube.  A  sphere  conoected  to  earth  was  then  movetl  round 
the  discharge  tube;  in  some  positions  it  increased  the  brilliancy  of  the 
discharge,  and  the  tube  became  quite  bright,  while  iu  other  positions 
it  stopped  the  discharge  altogether, 

Tlie  observation  of  the  behavior  of  the  discharge-s  through  these 
tabes  is  a  very  convenient  method  of  studying  the  effect  of  conductors 
in  defiectitig  the  flow  of  the  tubes  of  electrostatic  induction  whichfall 
vpoii  them ;  for  the  appearance  of  the  discharge  is  affected  not  merely 
•%  the  average,  but  also  by  the  maximum  value  of  the  electromotive 
intensity  which  produces  it.  Thus  ahighmasimam  value,  lasting  only 
for  a  short  time,  might  produce  a  discharge,  while  a  more  equable  dis- 
tribution of  electro- motive  intensity  having  the  same  average  value 
might  leave  the  tube  quite  dark. 

I  have  employed  these  discharges  to  study  the  behavior  of  bodies 
under  the  action  of  very  rapid  electrical  oscillations  in  the  following 
vay:  In  the  primary  circuit  connecting  the  outside  coatings  of  the  Jar 
two  loops,  A  andB  (Fig.  15),  were  made,  in  c 
which,  A,  an  exiiausted  bulb  was  placed,  the  spark- 
t«iigtb  and  the  pressure  of  the  gas  on  it  being  ad- 
JDsted  until  the  discharge  was  sensitive,  i.  e.,  until 
a  small  alteration  in  the  electro-motive  uitensity 
uting  on  tlie  bulb  produced  a  considerable  effect 
iqnD  the  appearance  presented  by  the  discharge. 
Hie  Rul>8tauce  whose  behavior  under  rapid  elec-  ^  y 

trieal  vibrations  was  to  be  examined  was  placed  in  jtj^,  ,. 

the  loop  B.  The  results  got  at  firstwere  very  per- 
plexing, and  at  first  sight  contradictory,  and  it  was  some  time  before  1 
eoald see  their  explanation.  The  following  are  some  of  these  results; 
^en  a  highly  exhausted  bulb  was  placetl  in  B  a  brilliant  discbarge 
passed  through  it,  while  the  discharg<>  in  A  stopped.  A  bulb  of  the 
sune  size,  filled  with  a  dilute  solution  of  electrolyte,  produced  uoappi'e- 
<^ble  effect;  when  hlied  with  a  strong  solution  it  dimmed  the  discharge 
in  A,  bat  not  to  the  same  extent  as  the  exhausted  bulb.  A  piece  of 
brass  rod  or  tube  increased  the  brightuess  of  the  discharge  in  A ;  on 
the  other  hand,  a  similar  piece  of  iron  rod  or  tube  stopi»ed  the  dis- 
Aarge  in  A  at  once.  The  most  decided  effect,  however,  was  produced 
))>'  a  small  crucible  made  of  plumbago  and  clay :  this,  when  put  in  the 
loop  B,  stopped  the  discharge  in  A  completely.  I  found  however  that 
by  considering  the  work  spent  on  the  substance  placed  in  B,  the  prc- 
i^ing  resaltA  could  be  exjdained.  When  a  large  amount  of  work  is 
"pent  in  B,  the  discharge  ill  A  will  be  dimmed,  while  no  appreciable 
effect  will  be  produced  on  A  when  the  work  spent  iu  B  is  small.    '" 
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t  the  iroD  retains  its  magnetic  properties  under  these  very  rapidly 

■•■rnatiiig  forces.    The  result  esplaius  the  eflfect  of  the  iron  in  stop- 

iT  the  discbarge.    As  I  am  not  aware  that  any  magnetic  properties 

TOO  onder  sucti  rapidly  alternating  forces  have  been  observed,  I  was 

\ioas  to  make  quite  sure  that  the  diQ'erence  between  iron  and  braNs 

not  due  solely  io  the  differences  between  their  siieeific  resistances. 

■  tirat  experiment  I  tried  with  this  object  was  to  cover  the  iron  rod 

ii  thin  sheet  platinum,  such  as  is  used  for  Grove  eellM.    As  the  re- 

ince  of  platinum  is  not  very  different  from  that  of  iron,  if  theefi'ect 

ii(le«1  merely  upoD  the  resistance,  slipping  a  thin  tube  of  platinum 

the  iron  ought  to  make  very  little  difference.     I  found  however 

.  when  the  platinum  was  placed  over  the  iron,  all  the  i)eculiar  effects 

'.iKred  by  the  latter  were  absent,  thus  showing  that  the  effect  is  not 

to  the  resistance  of  the  iron.     It  then  occurred  to  me  that  1  might 

the  same  thing  in  another  way  by  magnetiziug  the  iron  to  satura- 

.  for  in  this  state  /j  is  nearly  unity;  thus  if  the  result  depended 

Illy  on  the  magnetic  properties  of  the  iron  it  ought  to  diminish 

n  the  latter  is  strongly  magnetized.     I  accordingly  tried  au  experi- 

■,t  ID  which  the  iron  in  the  coil  B  was  placed  between  the  poles  of  a 

■erfiil  electro- magnet.     When  the  magnet  was  "off"  the  iron  almost 

'iped  the  discharge  in  A;  when  it  was  "on"  the  discharge  became 

rhter,  not  indeed  so  bright  as  if  the  iron  were  away  altogether,  but 

'I  aomistakably  brighter  thau  when  it  was  unmagoetizcd.    This  ex- 

iment,  I  think,  proves  that  iron  retains  its  magnetic  properties 

■en  exposed  to  these  rapidly  alternating  forces. 

\jiother  result  worthy  of  remark  is  that  though  a  brass  rod  or  tube 

<tted  in  B  does  not  stop  the  discharge  in  A,  yet  if  a  piece  of  glass 

■^hg  of  the  same  dimensions  is  coated  with  Dutch  metal,  or  if  it  has 

Mn  film  of  silver  deposited  upon  it,  it  will  stop  the  discharge  very 

«ddedly.     We  are  thus  led  to  the  somewhat  unexpe<;ted  result  that  a 

■A  layer  of  metal  when  exposed  to  ttiese  very  rapid  electrical  vibra- 

•ODB  may  absorb  more  heat  than  a  thick  one.    1  find,  on  calculating 

he  heating  effect  iu  slabs  of  various  thicknesses,  that  there  isathick- 

>«8e  for  which  the  heat  absorbed  is  ii  maximnm.     -     -     ■ 

The  slight  increase  in  the  brightness  of  the  discharge  in  A  when  a 

nss  rod  is  placed  in  B  is  due,  1  think,  Ut  the  diniinntiou  in  the  seir> 

■•inction  iu  the  primary  circuit  produced  t>y  this  rod  whose  conduc- 

lility  is  so  good  that  it  absorbs  practically  no  heat. 

We  will  now  return  to  the  case  of  ba<l  conductors,  where  na  is  small ; 
^oe  the  absorption  of  energy  is  proportional  to  the  conductivity,  and 
I  might  use  this  method  to  compare  the  conductivity  of  electrolytes 
br  very  rapidly  alternating  currents.  I  tried  a  few  experiments  of 
\i9  kind  and  found,  as  1  did  in  the  experiments  descril>ed  in  the  Pro- 
rdiiign  of  the  Royal  Society,  XLV,  i».  -*ii),  that  the  ratio  of  the  conduc- 
ivities  of  two  eletrtrolytes  waa  the  same  for  rapidly  alternating  as  for 
steady  currents.     I  was  anxious,  however,  to  see  whether  these  rapidly 
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THE  MOLECULAR  PEOCBSS  IN  MAtiNETIC  INDUCTION." 
By  l*To{.  .1.  A.  EwiMO,  F.  R.  S. 


Magnetic  iiidactioi]  is  the  name  ^veu  by  Faraday  to  the  act  of  be- 
nming  niagDetized,  which  certain  substancea  perform  when  they  are 
laced  in  a  tnagnetie  field.  A  nnignetie  fieUI  is  the  region  near  a  mag- 
let.  or  near  n  eoodoctor  conveying  an  e!e<'tri<;  current  Throughout 
1Kb  a  region  there  is  what  is  called  magnetic  force,  and  when  certain 
nbiitances  are  placed  in  the  magnetic  field  Che  mngiietit!  force  eauees 
hem  to  become  magnetized  by  magnetite  induction.  An  effective  way 
■r  producing  a  magnetic  field  is  to  wind  a  conducting  wire  into  a  coil, 
in<i  pass  a  current  through  the  wire.  Within  the  coil  we  have  a  region 
>r  i-nmparatively  strong  magnetic  force,  and  when  a  piette  of  iron  is 
pliited  there  it  may  be  strongly  magnetized.  Not  all  substances  possess 
this  property.  Put  a  piece  of  wood  or  atone  or  copper  or  silver  into 
tbf  Held,  atid  nothing  noteworthy  happens;  but  put  a  piece  of  iron  or 
nickel  or  cobalt  and  at  once  you  flinl  that  tlie  piece  has  become  a  mag- 
!,('i.  These  three  metals,  with  some  of  their  alloys  and  compounds, 
Ktiind  (tut  from  all  other  fiubst:i  iices  in  this  respect.  Not  only  are  they 
a|iable  of  magnetic  induction— of  becoming  magnets  while  exposed 
bi  tlie  action  of  the  magnetic  field,  but  when  withdrawn  Itom  the  field 
itfj  are  found  to  retain  a  part  of  the  magnetiem  they  acquired.  They 
ih  Nhow  this  property  of  retentivenehS,  more  or  less.  In  some  of  them 
ibJK  residual  magnetism  is  feebly  held,  and  may  be  shaken  out  or  oth- 
^se  removed  without  dilBcalty.  In  others,  notitbly  in  some  steels, 
it  is  very  jtersistent,  and  the  fact  is  taken  a^lvantage  of  in  the  mann- 
iiture  of  permanent  magnets,  which  are  simply  bars  of  steel,  of  projwr 
Unality,  which  have  been  subjected  to  the  action  of  a  strong  mag- 
iielin  field.  Of  all  substances,  soft  iron  is  the  most  susceptible  to  the 
ittioD  of  the  field.  It  can  also  under  favorable  conditions,  retitin — 
•hen  taken  ont  of  the  field — a  very  large  fraction  of  the  magnetism  that 
Iw  been  induced — more  than  nine-tenths, — more  indeed  than  is  re- 
tained by  steel ;  but  its  bold  of  this  residual  magnetism  is  not  firm,  and 
^  th»t  reason  it  will  not  serve  as  a  material  for  permanent  magnets. 
My  purpose  tonight  is  to  give  some  account  of  tlie  molecular  process 
Hirongh  which  we  may  conceive  magnetic  induction  to  take  place,  and 
*rthe  Htnicture  which  makes  residual  magnetism  possible. 

'ibttnct  of  a  Kridsy  evening  iliscourse  tleliveTuil  at  tlie  Royal  lustitution  on 
%2!,1891.     (Froiu.Vfldire,  Oct.  l.".,  l«ll ;  vol.  xi.iv ,  }>f.  :>m-oT2.  j 
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little  magnets,  pivoted  like  compass  needles,  so  that  each  is  free  to  tnm 
except  few  the  constraint  which  each  one  suffers  on  acconnt  of  the 
presence  of  its  neighbors. 

But  firat  let  dh  see  more  particularly  what  happens  when  a  piece  of 
iroD  or  steel  or  nickel  or  cobalt  is  magnetized  by  means  of  a  field  the 
strength  of  which  is  gradnally  angmented  fromnotliing,  Wemay  make 
the  experiment  by  placing  a  piece  of  iron  in  a  coil,  and  making  a  cur- 
rent flow  in  the  coil  with  gradually  increased  strength,  noting  at  each 
stage  the  relation  of  the  induced  magnetism  to  the  strength  of  the  field. 
This  relation  is  observed  to  be  by  no  means  a  simple  one:  it  may  be 
represented  by  a  curve  (Fig.  1),  and  an  inspection  of  the  curve  will 
show  that  the  process  is  divisible,  broadly,  into  three  tolerably  distinct 
stages.  In  thefirst  stage  {a)  the  magnetism  isbeing  noctiiirfd  but  slowly: 


MMMcnc  nuicc 


fc  molecnles,  if  we  accept  Weber's  theory,  are  not  responding  readily — 
%are  rather  hard  to  tnm.  In  the  second  stage  (b)  their  resistance 
totoming  has  to  a  great  extent  broken  down,  and  the  piece  is  gaining 
naenetism  (set.  In  the  third  stage  (c)  the  rate  of  increment  of  mag- 
BWism  falls  off:  we  are  there  approaching  the  condition  of  saturation, 
^wgh  the  process  is  still  a  good  way  from  being  completed. 

Further,  if  we  stop  at  any  point  of  the  process,  such  as  P,  and  grad- 
lally  reduce  the  current  in  the  coil  until  there  is  no  current,  and  there- 
fore no  magnetic  field,  we  shall  get  a  curve  like  the  dotted  line  PQ,  the 
<>«ight  of  Q  showing  the  amount  of  the  residual  magnetism. 

If  we  make  this  experiment  at  a  point  in  the  first  stage  (a),  we  shall 
°^,  OB  Iiord  Bayleigh  has  shown,  little  or  no  lesidnal  magnetism ;  if 
'e  make  it  at  any  point  in  the  second  stage  (ft),  we  shall  find  very 
Kinck Teaidnal  magnetism;  and  if  we  make  it  at  any  point  in  the  third 
'f^e  (o),  we  shall  find  only  a  little  more  residual  magnetism  than  we 
*Wd  have  found  by  making  the  experiment  at  the  end  of  stage  b. 
'^  part  of  the  turning  of  the  molecules  which  goes  on  in  stage  a  con- 
WWtftB  nothing  to  the  residual  magnetism.    That  part  which  goes  on 

""  ^t^ge  c  contributes  little.    But  that  part  of  the  turning  which  goes 

Oil  lu  Btage  b  contributes  very  much, 
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In  som«  .tpecimeos  of  maguetic  metal  we  llDd  a  mncb  sharper  sepw^ 
tion  of  the  three  stages  thao  in  others.  By  applying  strain  in  certain 
ways  it  is  possible  to  get  tlie  stages  very  clearly  separated.  Fig.  2,  a 
beaatifial  instance  of  that,  is  taken  from  a  paper  by  Mr.  Kagaoka — oni- 
oran  able  band  of  Japanese  workers  who  are  bidding  fair  to  repay  the 
debt  that  Japan  owes  for  its  learning  to  the  West.  It  shows  how  a 
piece  of  nickel  which  is  under  the  joint  action  of  pall  and  twist  becomfe' 
magnetized  in  >i  growing  magnetic  field.  There  the  first  stage  is  ei- 
ceptionaily  prolonged,  and  the  second  stage  is  extraordinarily  abntpL 


The  bearing  of  all  this  on  the  niolt^Milar  theory  will  be  evident  whps 
we  tnm  to  these  models,  consisting  of  an  assemblage  of  little  pivoted 
magnets,  which  may  be  taken  to  represent,  no  doubt  in  a  very  cndt 
way,  the  molecular  strui'ture  of  a  magnetizable  metal  I  have  herr 
some  large  models,  where  the  pivoted  magnets  are  pieces  of  sheet  stM. 
some  cut  into  short  flat  bars,  ottier:^  into  diamond  shnpes  with  pointed 
ends,  others  into  sha^ws  I'e^euibling  mushrooms  or  umbrellas,  and  in 
these  the  magnetic  Held  is  pro<luct.>d  by  means  of  a  coil  of  insulated 

-j_^  .^„....j  —  »  i„_ — jpi,  fi-ame  below  the  magnets.     Some  ot 

v'ots  on  a  gridiron  or  lazy-tongs  of  jointed 
i-eadily  distort  them,  and  vary  the  dis- 
another,  to  imitate  some  of  the  effects  of 
it  to  display  the  experiments  to  a  large 
serve  l>est.  In  this  one  the  magnets  sre 
rs  of  little  poi-ket  compasses.  The  pivots 
through  which  the  tight  pusses  in  sncha 
I  of  the  niiignets  on  the  screen.  The  mag- 
s  of  two  coils,  one  on  either  side  of  the 
t  of  the  way  of  the  light,  which  together 
netic  field  tlironghtmt  the  whole  group, 
aiiilest  the  held  iu  n  well-known  fashion, 
e  plate. 

livoted  magnet  on  the  plate.  So  long  aa 
anyhow — tliei-e  is  no  direction  it  prefers 
IM'lj'  eveu  It  very  wesik  field  it  responds, 
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tamiDg  at  ODce  into  tbe  exact  direction  of  the  applied  force,  for  there 
was  Dothing  (beyond  a  trifling  friction  at  tbe  pivot)  to  prevent  it  from 
taming. 

Now  try  two  magnets.  I  have  cntoff  the  current,  so  that  there  is  at 
present  no  field,  biityou  see  at  once  thatthepsirhas,  sotospeali,  awill 
of  tt8  own.  I  may  shake  or  disturb  them  as  I  please,  but  they  insist  on 
taking  np  a  poaitioD  (Fig.  3)  with  the  north  end  of  one  as  close  as  pos- 


sible to  the  south  end  of  the  other.  If  disturbed  they  retnm  to  it;  this 
configuration  is  highly  stable.  Watch  what  happens  when  the  mag- 
netic field  acts  with  gradually  growing  strength.  At  first,  so  long  as 
the  field  is  weak  (Fig.  4),  there  is  but  little  deflection;  but  as  the  de- 
flection increases  it  is  evident  that  the  stability  is  being  lost,  tbe  state 
is  getting  more  and  more  critical,  until  (Fig.  5)  the  tie  that  holds  them 


together  seems  to  break,  and  they  suddenly  turn,  with  violent  swing- 
iof,  into  almost  perfect  alignment  with  the  magnetic  force  H.  Now  I 
p^dnally  remove  the  force,  and  yon  see  that  they  are  slow  t<)  return, 
but  a  stage  comes  when  they  swing  ba^'k,  and  a  complete  removal  of 
the  force  brings  them  into  the  conditiou  with  which  we  began  (Fig.  3). 
If  we  were  to  picture  apiece  of  iron  as  formed  of  a  vast  number  of 
«(ich  pairs  of  molecular  magnets,  each  pair  far  enough  fn>ni  its  neigh- 
bora  to  be  practically  out  of  reach  of  their  magnetic  influence,  we 
might  deduce  many  of  the  observed  magnetic  properties,  but  not  all. 
Ia  particular,  we  should  not  he  able  to  account  for  so  much  residual 


magnetism  affis  actually  found.  To  get  that,  the  molecules  must  make 
new  connections  when  the  old  ones  are  broken ;  their  relations  are  of 
a  kind  more  complex  than  tbe  quasi-utatrimoQial  one  whicb  tb^  ezperi- 
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9).  A  weak  Ibrcc  produceano  more  than  Blight qaaai-elastic  deflections; 
a  stronger  force  breaks  up  tbe  old  lines,  and  forma  oew  ones  more  fa- 
rorabiy  inclined  to  the  direction  of  the  force  (Fig.  10).  A  very  strong 
force  brings  about  eataration  (Fig.  11). 

In  an  actual  piece  of  iron  there  are  multitudes  of  groups  lying  ditTer- 
ently  directed  to  begin  with — perhaps  also  different  aa  regards  the 
pacing  of  their  members.  Some  enter  the  second  stage  while  others 
are  still  in  the  first,  and  ao  on.  Hence,  the  cnrve  of  magnetization 
does  not  consist  of  perfectly  sharp  steps,  but  haa  the  rounded  outlines 
ofRg.  1. 


1    i    ^ 
1    1    1    1    1 


Sotice,  again,  Uuw  the  behavior  of  these  assemblages  of  elementary 
magnets  agrees  with  what  I  have  said  about  residual  magnetism.  If 
'^Hbip  atrengtlieuiiig  the  field  before  the  first  stage  ia  paaaed — before 
K.y  of  tbe  magnets  have  become  unstable  aud  have  tumbled  round 
into  new  places — tbe  Hinall  defiecrtion  simply  disappears,  and  there  ia  no 
r^idoal  effect  on  the  configuration  of  the  group.  But  if  we  carry  the 
prowsa  far  enough  to  have  unstable  deflections,  tbe  effects  of  these 
iffsist  when  the  force  is  removed,  for  tlie  magnets  then  retain  tbe  new 
enraping  into  which  they  have  fallen  (Fig.  10).  And  again,  the  quasi- 
(iastir  deflections  which  go  ou  during  tlie  third  stage  do  not  add  to  the 
Rsidual  magnetism. 

Xotice,  fhrther,  what  happens  to  tbegroap  if  after  applying  a  magnetic 
lorceinone  direction  and  removingit,  I  begin  to  apply  force  in  tbeoppo- 
lite  direction.    At  first  there  is  little  reduction  of  the  reudual  itolarity, 
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till  »  HtARt>  it>  renolitHl  wlien  instability  begins,  and  then  reversal  occurs 
with  A  riisli.  We  tlms  ftml  a  close  imitation  of  all  tbe  features  tbat 
ttit>  M'tiiitlly  observed  when  iron  or  any  of  the  other  magnetic  metals  is 
VMt-ritHl  tlimuirh  a  cyclic  mtignetizing  process  (Fig  12).  Tlie  effect  of 
Ml)'  suck  pnH'esa  is  to  form  a  loop  iu  the  curve  Trbich  expresses  the  re* 
l»tt«ut  of  the  lungiietiiiini  to  the  magnetizing  force.  The  changes  of 
nMK»^t>!uii  Always  hig  behind  the  changes  of  magnetizing  force.  This 
ti^ttd^ivy  to  lug  behind  i»  called  magnetic  kysterent. 


y  f'. 


..  ,  ^er^^s  whenever  a  ma^etic  metal 
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L'  >hM«tt  that  this  waste  is  proportional  to 
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^e  area  of  the  loop  in  our  diagrams.  This  energy  is  dissipated ;  that 
id  to  say,  it  is  scattered  and  rendered  useless ;  it  takes  tlie  form  of  heat, 
The  iron  core  of  a  traosformer,  for  instance,  which  is  having  its  mag- 
netism reversed  with  every  pulsation  of  the  alternating  current,  tends 
to  become  hot  for  this  very  reason;  indeed,  the  loss  of  energy  which 
happens  in  it,  in  consequence  of  magnetic  hystereats,  is  a  serious  draw- 
bitck  to  the  efficiency  of  alternating-current  8};stem8  of  distributing 
electricity.  It  is  the  chief  reason  why  they  require  much  more  coal  to 
be  burnt,  for  every  unit  of  electricity  sold,  than  direct-carreut  systems 
reqnire. 

The  molecular  theory  shows  how  this  wasteof  energy  occurs.  When 
tbc  molecule  becomes  unstable  and  tumbles  violently  over,  it  oscillates 
wi  sets  its  neighbors  oscillating,  until  the  oscillations  are  dami)ed 
ont  by  the  eddy  currents  of  electricity  which  they  generate  in  the  sur- 
roanding  conducting  mass.  The  useful  work  that  caci  be  got  from  the 
molecule  as  it  falls  over  is  less  than  the  work  that  is  done  in  replacing  it 
daring  the  return  portion  of  the  cycle.  This  is  a  simple  mechanical 
dednction  IVom  the  fact  that  the  movement  has  unstable  phases. 

1  can  not  attempt,  la  a  single  lecture,  to  do  more  than  glance  at 
eereral  places  where  the  molecular  theory  seems  to  throw  a  flooil  of 
light  on  obscure  aud  complicated  facts,  as  soon  as  we  recognize  that 
the  constraint  of  the  molecules  is  due  to  their  mutual  action  as  mag- 
neto. 

It  has  been  known  since  the  time  of  Gilbert  that  vibration  greatly 
fikcilitatea  the  process  of  maguectic  induction.  Let  a  piece  of  iron  be 
briskly  tapped  while  it  lies  in  the  magnetic  field,  and  it  is  fouud  to  take 
a(i  a  large  addition  to  its  induced  magnetism.  Indeed,  if  we  examine 
tbe  Buccessive  stages  of  the  process  while  the  iron  is  kept  vibrating  by 
Img  tapped,  we  find  that  the  first  stage  (n)  has  practically  disap- 
ptved,  and  there  is  a  steady  and  rapid  growth  of  magnetism  almost 
from  the  very  first.  This  is  intelligible  enough.  Vibration  sets  the 
molecular  magnets  oscillating,  and  allows  tlieni  to  break  Ibeir  primi- 
tive mutual  ties  and  to  respond  to  weak  deflecting  forces.  For  asiml- 
lir  reason,  vibration  should  tend  to  reduce  the  residue  of  magnetism 
which  is  left  when  the  magnetizing  force  is  removed,  and  this,  toOf 
ngrees  with  the  results  of  observation. 

Perhaps  the  most  effective  way  to  show  the  influence  of  vibration  is 
(oapplyaweak  magnetizing  force  first,  before  tapping.  If  the  force 
is  adjusted  so  that  it  nearly  but  not  quite  reaches  the  limit  of  stage  (o), 
3  jcreat  number  of  the  molecular  magnets  are,  so  to  si>eak,  hovering  on 
the  verge  of  instability,  and  when  the  piece  is  tapi>ed  they  go  over  like 
>  boose  of  cards,  and  maguetism  is  acquireil  with  a  rush.  Tapping 
ilways  has  some  effect  of  the  same  kind,  even  though  there  has  been 
DO  special  adjustment  of  the  field. 

And  other  things  besides  vibration  will  act  in  z  similar  way,  precipi> 
t^ng  the  break-up  of  molecular  groups  when  the  ties  are  already 
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the  magnetism  to  the  load  ( Fig.  14).  This  is  because  some  of  the  molw- 
alar  groups  are  every  time  being  broken  ap  duriug  the  loading,  and 
re-established  daring  the  anloading,  wid  that,  as  ire  saw  already,  in- 
roWes  hjfatereais.  Consequently,  too,  each  loading  and  unloading  re- 
quires the  expenditure  of  a  small  quantity  of  energy,  which  goes  to 
beat  the  metal. 
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Moreover,  a  remarkably  interesting  conclnsion  follows.  This  hys- 
tn-em,  and  consequent  dissipation  of  energy,  will  also  happen  though 
there  be  no  macnotization  of  the  piece  as  a  whole;  it  depends  on  the 
&ct  that  the  molecules  are  magnets.  Accordingly,  we  should  expect 
to  find,  and  experiment  confirms  this  (see  PkU.  Tram.,  1885,  p.  614), 
that  if  the  wire  is  loaded  and  unloaded,  even  when  no  magnetic  field 
acts  and  there  is  no  magnetism,  its  physical  qualities  which  are  changed 
by  the  load  will  change  in  a  manner  involving  hysteresis.  In  partic- 
ular, the  length  will  be  less  for  the  same  load  daring  loading  than  dur- 
ing unloading,  so  that  work  may  be  wasted  in  every  t^ycle  of  loads. 
There  can  be  no  nnch  thing  as  )>erfect  elasticity  in  a  magnetizable 
metal,  unless,  indeeil,  the  range  of  the  strain  is  so  very  narrow  that 
une  of  the  molecules  tomble  through  untitable  states.    This  may  hav 
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their  being  thrown  iuto  vibration.  Wheu  the  field  ia  weak,  tieatiiig 
consequently  assists  magnetization,  soDictime-s  very  greatly,  by  has- 
tening the  passage  from  stage  a  to  stag©  6  of  the  magnetizing  piocess. 
And  it  is  at  least  a  coujectare  worth  cunsideratiou  whether  the  sadden 
loss  of  magnetic  quality  at  a  higher  temperature  is  not  due  to  the  vi- 
brations becoming  so  violent  as  to  set  the  molecules  spinning,  when, 
of  coarse,  their  polarity  would  be  of  no  avail  to  produce  magnetiza- 
tion. We  know  at  all  events  that  when  the  change  th>m  the  magnetic 
to  the  non- magnetic  state  occurs,  there  is  a  profound  molecular  change, 
and  heat  is  absorbed  which  ia  given  out  agaiu  wheu  thereverse  change 
takes  place.  In  cooling  from  a  red  heat,  the  iron  actually  extends  at 
the  moment  when  this  change  takes  pliice  (as  was  shown  by  Gore), 
and  so  mtich  heat  is  given  out  that  (as  Barrett  observed)  it  re-glows, 
becoming  brightly  red,  though  just  before  the  change  it  had  cooled  so 
far  as  to  be  quite  dull.  [Experiment,  exhibiting  retraction  and  re- 
|low  in  cooling,  shown  by  means  of  a  long  iron  wire,  heated  to  redness 
by  an  electric  current.]  The  changes  which  occnr  in  iron  and  steel 
aboat  the  temperature  of  redn  ess  are  very  complex,  and  I  refer  to  this 
a«  only  one  possible  direction  in  which  a  key  to  them  may  be  sought. 
Perhaps  the  full  explanation  belongs  as  much  to  chemistry  as  to  physics. 

An  interesting  illustration  of  the  use  of  these  models  has  reached 
me,  only  to-day,  from  New  York.  In  a  paper  just  published  iu  the 
Eketrical  World  (reprinted  in  the  Electrician  for  May  29, 1891),  Mr. 
Arthur  Hoopes  sapporta  the  theory  I  have  laid  before  you  by  giving 
curves  which  show  the  connection  ex))erimentally  found  by  Urn 
between  the  result  polarity  of  a  group  of  little  pivoted  magnets  and 
tbe  strength  of  the  magnetic  field,  when  the  field  is  applied,  removed, 
Kversed,  and  so  on.  I  shall  draw  these  curves  on  the  screen,  and 
rough  as  they  are,  in  consequence  of  the  limited  number  of  magnets, 
yon  see  that  they  succeed  remarkably  well  in  reproducing  the  features 
which  we  know  the  curves  for  solid  iron  to  possess. 

It  may,  perhaps,  be  fairly  claimed  that  the  models  whose  behavior 
vebave  been  considering  have  a  wider  application  iu  physics  than  to 
merely  elucidate  magnetic  processes.  The  molectiles  of  bodies  may 
bare  jxilarity  which  is  not  magnetic  at  all — polarity,  for  instance,  due 
to  static  electrification — under  which  they  group  themselves  in  stable 
forms,  so  that  energy  is  dissipated  whenever  these  are  broken  up  and 
K-arrauged.  When  westrain  a  solid  body  beyond  its  limit  of  elasticity, 
He  expend  work  irrecoverably  in  overcoming,  as  it  were,  internal  fric- 
tion. What  is  this  internal  friction  due  to  but  the  breaking  and 
making  of  molecular  ties  T  And  if  internal  friction,  why  not  also  the 
lor&ce  friction  which  causes  work  to  be  spent  when  one  body  rubs 
Dpou  another.     In  a  highly  suggestive  passage  of  one  of  his  writings,* 

'EttfeUp^Bdia  Sril.,  Ninth  Ed.,  1877,  ait.,  "  Coostitutiua  of  Bodies,"  vol.  vi,  p. 
31S. 
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By  G.  D.  LlVEIua,  F.  R,  S. 


There  is  sometbiBg  very  fasdaating  abont  crystals.  It  is  not  merely 
tbe  intrinsio  beauty  of  their  forms,  their  picturesque  grouping,  and 
the  play  of  light  upon  their  faces,  but  there  is  a  feeling  of  wonder  at 
the  power  of  nature,  which  causes  suhstaoces,  in  passing  from  the 
flnid  to  the  solid  state,  to  aHsame  regular  shapes  boonded  by  plane 
faces,  each  substance  with  its  own  set  of  forms,  and  its  faces  arranged 
with  characteristic  symmetry;  some,  like  alum,  in  perfect  octahedra; 
others,  like  blue  Titriol,  iu  shapes  wliich  are  regularly  oblique.  It  is 
tiiia  power  of  nature  which  is  the  subject  of  this  discourse.  I  hope  to 
show  that  crystalline  forms,  with  all  their  regularity  and  symmetry, 
are  the  outcome  of  the  accepted  principles  of  mechanics.  I  shall 
invoke  no  peculiar  force,  but  only  such  as  we  are  already  familiar  with 
ia  other  facts  of  nature.  I  shall  call  iu  only  tbe  same  force  that  pro- 
dacea  the  rise  of  a  liquid  in  a  capillary  tube  and  the  sorface-tensiou  at 
the  boundary  of  two  substances  which  do  not  mis.  Whether  this 
force  be  dilferenli  from  gravity  I  need  not  stop  to  inquire,  for  any 
attractive  force  which  for  small  masses,  such  as  we  suppose  the  mole- 
nles  of  matter  to  be,  is  only  sensible  at  insensible  distances  is  suffi- 
cient for  my  purpose. 

We  know  that  the  external  forms  of  crystals  are  intimately  connected 
with  their  internal  structure.  This  is  betrayed  by  the  cleavages  with 
which  in  mica  and  selonite  everybody  is  familiiu-,  and  which  extend  to 
tbe  minutest  parts,  as  is  seen  in  the  tiny  rhombs  which  form  the  dust 
of  crushed  calcite.  It  is  better  marked  by  the  optical  properties,  single 
and  double  refiaction,  and  the  effects  of  crystals  on  polarized  light. 
These  familiar  facts  lead  np  to  the  thonght  that  it  is  really  the  internal 
etmctare  which  determines  the  external  form.  As  a  starting-point  for 
oonsidering  that  structure,  I  assume  that  crystalline  matter  is  made 
np  of  molecales,  and  that,  whereas  in  tbe  fluid  state  the  molecules 
move  about  amongst  themselves,  iu  the  solid  state  they  have  little 
freedom.  They  are  always  within  the  range  of  each  other's  inflnence- 
and  do  not  change  their  relative  places.  Nevertheless,  these  mole, 
cales  are  in  constant  and  very  rapid  motion.  Xot  only  will  they  com- 
municate heat  to  colder  bodies  in  contact  witli  them,  hut  they  are 

*A  diaooima  delivereil  at  the  Boynl  InHtititiou  of  Great  Britaiu  on  Friiln; ,  V 
IB,  1891.— itom  ^"a(«M,  Juno  18,  1891;  vol.  jtuv,  pp.  15e-lW.  i^TOtUiic 
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tbe  excnrsions  of  tfae  parte  aboat  tbe  center  of  mass  are  on  the  average, 
itt  a  given  t«mperatare  and  pressure,  comprised  within  a  certain  ellip- 
soid ;  that  the  dimenBlons  of  this  ellipsoid  are  t)ie  same  for  all  molecales 
of  the  same  chemical  constitution,  but  different  for  molecules  of  differ- 
ent kinds. 

We  hare  now  to  consider  how  these  molecules  will  pack  themselves 
on  passing  from  the  fluid  state,  in  which  they  can  and  do  move  about 
aiDongsi  themselves,  into  the  solid  state,  in  which  they  have  no  sensible 
freedom.  If  they  attract  one  another,  according  to  any  law,  and  for  ' 
my  purpose  gravity  wUI  aufSce,  then  the  laws  of  energy  require  that  for 
stable  equilibriam  the  potential  energy  of  a  system  shall  be  a  minimum. 
This  is  the  same,  in  the  case  we  are  considering,  a^  saying  that  the 
nolecnles  shall  be  packed  in  such  a  way  that  the  distances  between 
their  centers  of  mass  shall  on  the  whole  be  the  least  possible;  or,  that 
as  many  of  them  as  possible  shall  be  packed  into  unit  space.  In  order 
to  see  how  this  packing  will  take  place,  it  will  be  easiest  to  consider 
first  the  particular  case  in  which  the  axes  of  the  ellipsoids  are  all 
equal — that  is,  when  the  ellipsoids  happen  to  be  spheres.  The  prob- 
lem is  then  reduced  to  finding  how  to  pack  the  greatest  number  of 
eqoal  spherical  balls  into  a  given  space.  It  is  easy  to  leduce  this  to 
the  problem  of  finding  how  the  spheres  can  be  arranged  so  that  each 
one  shall  be  touched  by  as  many  others  as  possible.  In  this  way  the 
cornered  spaces  between  the  balls,  the  unoccupied  room,  is  reduced  to 
aminimnm.  You  can  stack  balls  so  that  each  is  touched  by  twelve 
others,  but  not  by  more.  At  first  sight  it  seems  as  if  this  might  be 
done  in  two  ways. 


In  the  first  place  we  may  start  with  a  sqaare  of  balls,  as  in  Fig.  1, 
where  each  is  touched  by  four  others.  We  may  then  place  another 
(shaded  in  the  figure)  so  as  to  rest  on  foar,  and  plac«  foiw  more  i 
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ing  it  in  a]L  If  we  complete  tbe  pile,  we  shall  get  the  triaugular 
pyramid  represented  by  Fig.  i,  where  each  of  the  three  sides  Ih  a  right- 
aogled  triangle,  while  the  base  is  an  equilateral  triangle.  It  will  be 
seen  th»t  in  the  faces  of  this  pyramid  each  ball  (except  those  outside) 
is  tonched  by  four  others.  In  foot,  the  arrangement  in  these  faces  is 
the  same  as  in  the  base  of  tbe  former  pyramid;  and  the  two  arrange- 
ments are  really  identical  in  the  interior,  only  one  has  tx>  be  turned 
over  iu  order  to  bring  it  into  parallelism  with  the  other.  Fig.  2  rep- 
resents half  a  regular  octahedron ;  Fig  i  the  comer  of  a  cube.  Etlip- 
Boids  if  they  are  all  equal  and  similiar  to  one  another  can  be  packed 
in  precisely  the  same  way,  so  that  each  is  touched  by  twelve  others, 
srovided  tbeir  axes  are  kept  parallel  to  each  other — that  is,  if  they 
are  an  oriented  alike.  This,  then,  by  the  laws  of  energy,  will  be  tbe 
airangement  which  the  molecules  will  assume  in  consequence  of  mutual 
attraction,  in  passing  from  a  fluid  to  a  solid  state. 


Sext,  let  as  see  bow  the  packing  of  the  molecules  will  affect  tbe  ez- 
tRnal  form.  And  here  I  bring  in  the  surface  tension.  We  are  famil- 
iuiith  the  effects  of  this  force  in  the  case  of  liquids,  and  if  we  adopt 
UwQsnally  received  theory  of  it,  we  must  have  a  surface  tension  at  the 
boQiuIary  of  a  solid,  as  well  as  at  the  surfkce  of  a  liquid.  I  know  of 
noadnal  measures  of  the  suri'ace  tension  of  solids;  but  Quincke  has 
^ren  ns  the  surface  tensions  of  a  number  of  substances  at  temi>eratures 
Kar  their  points  of  solidiflcation,  iu  dynes  iter  lineal  centimeter,  as 
Mlova: 

flatinQin 618  ,  Antimony 244 

GiM 083  I  Borox 2'2 

Zitt 860     Sodium  CHTl)oliate 206 

Tin 587     Sodinin  cliloridu 114 

^ettaiy 877  ;  W»ter 86.2 

UiJ 448  j  SeleDiam 70.1 

filTtt 419  ■  Sulphur 41.8 

Bimntli 382  ,  Phosphoras 41.1 

fotaB»inm 364     Wax 33.4 

*«diiini 263  I 

The  surface  tensions  of  most  of  the  solids  are  probably  greater  than 
these,  for  tbe  surfitce  tenuon  generally  diminishes  with  increase  of 
temperature ;  and  you  see  that  they  amount  to  very  considerable  forces. 
H.  Mis.  114 18 
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bees  will  be  develuped ;  and  if  one  edge,  ot  (wgle,  be  tmacatod,  all  the 
uorrespaiiiling  edges,  or  angles,  vill  be  truncated.  Were  it  otherwise, 
there  irould  not  be  a  balant^e  between  the  surface  tenslooa  in  the  sev- 
eral iaces.  Bat  there  is  another  point  to  be  taken  into  aCcoant.  The 
Borface  eneig^  may  become  less  in  two  ways — either  by  reducing  the 
tension  per  unit  surface,  or  by  reducing  the  total  surface.  When  a 
liquid  separates  from  another  fluid,  as  chloroform  ttom  a  solution  of 
cliloral  hydrat«  on  adding  an  alkali,  or  a  cloud  from  moist  air,  the 
liquid  assumes  the  form  which,  for  a  given  mass,  has  the  least  Burfac&~ 
that  is,  the  drops  are  spherical.  If  yon  cut  off  the  projecting  coroera 
and  plane  away  the  projecting  edges  of  a  cube  or  an  octahedrou,  you 
bring  it  nearer  to  a  sphere,  and  if  you  suppose  the  volume  to  remain 
constant,  you  still  diminish  the  surface.  And  if  the  diminution  of  the 
total  surface  is  not  compensated  by  the  iucreased  energy  on  the  trnnca- 
tiona,  there  will  be  a  tendeucy  for  the  crystals  to  grow  with  such 
tmncations.  The  like  will  be  true  in  more  complicated  combinationo. 
There  will  be  a  tendency  for  such  combinations  to  form,  provided  the 
Bor&ce  energy  of  the  new  faces  is  uot  too  great  as  compared  with  that 
of  the  first  simple  form. 

But  it  does  not  always  happen  that  an  octahedron  of  alum  develops 
tnmcated  angles.  This  leails  to  another  point.  To  produce  a  surface 
in  a  continuous  mass  reqaires  a  supply  of  energy,  and  to  generate  a 
snrface  in  theinterior  of  any  fluid  is  not  easy.  Air  maybe  super-satu- 
rated with  aqueous  vajyor,  or  a  solutiofi  with  a  salt,  and  no  cloud  or 
aytttals  be  formed,  unless  tiiere  is  some  discontinuity  in  the  mass, 
specksof  dust,  or  something  of  the  kind.  In  like  manner,  if  we  have 
a^rface  already,  a^  when  a  super-saturat^id  solution  meets  the  air  or 
tbegides  of  the  vessel  containing  it,  and  if  the  energy  of  either  of  these 
nrfaces  is  less  than  that  of  a  cryHtiil  of  the  salt,  some  energy  will  have 
to  l»  supplied  ill  order  to  produce  the  new  surface,  but  not  so  mucli  as 
if  there  were  no  surface  there  to  begin  with.  Hence,  crystals  naually 
form  on  the  sides  of  the  vessel  or  at  the  to[>  of  the  liquid.  When  a  solid 
wiiarates  from  a  solution  there  is  getterally  some  energy  available  from 
tbechange  of  state,  which  snpplies  the  energy  for  the  new  surface- 
Bat  at  tlrst  when  the  mass  deposited  is  very  small,  the  energy 
arailable  will  be  corre.'«pODdingly  small,  and  since  the  mass  varies  as 
the  cube  of  the  diameter  of  the  solid,  whereas  the  surface  varies  as 
the  square  of  the  diameter,  the  first  separated  mass  is  liable  to  be 
xqaeezed  into  liquid  again  by  its  own  surface  tension.  This  explains 
Uk  Qsaal  phenomena  of  sui>er-satarated  solutions.  A  deposit  occors 
most  easily  on  a  surface  of  the  same  energy  as  that  of  the  deposit, 
because  the  additional  energy  retiuired  is  only  for  the  increased  extent 
of  Burface.  It  explains,  too,  the  tendency  of  large  crystals  to  grow 
more  rapidly  than  small  ones,  because  the  ratio  of  the  increase  of 
nirfate  to  that  of  volume  diminishes  as  the  crystal  grows. 

While  speaking  of  the  difBcnIty  of  creating  a  new  surfoce  in  the  in- 
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tenor  of  a  mass,  the  qoestion  of  cleavage  suggests  itself.  Id  dividing 
a  crystal  we  create  two  new  sarfaces — one  od  each  piece,  and  each  witb 
its  own  energy.  The  division  must  therefore  take- place  most  readily 
when  that  sarface  energy  is  a  minimum.  Hence  the  principal  cleavage 
ot  s  crystal  made  np  of  molecules  having  their  motions  comprised  within 
spherical  spaces  will  be  octahedral.  As  a  fact,  we  find  that  the  greata 
part  of  sabstanoes  which  crystallize  in  the  octahedral,  or  regalar  sys- 
tem, have  octahedral  cleavage.  But  not  nil;  there  are  some,  like  rock 
salt  and  galena,  which  cleave  into  cubes,  and  a  very  few,  like  blentiei 
have  their  easiest  cleavage  dodecabedral.  These  I  have  to  explain.  I 
may  however  first  observe  that  some  substances — as,  for  inst^ce,  . 
Suor-apar — which  have  a  very  distinct  octahedral  cleavage  are  rarely 
met  with  in  the  form  of  octahedra,  but  usually  in  cubes.  In  regard  to 
this,  we  must  remember  that  the  surface  energy  depends  upon  the 
nature  of  both  the  sabstanoes  in  contact  at  the  surface,  as  well  as  cm 
their  electrical  condition,  their  temperature,  and  other  circumstanoes. 
The  closeness  of  the  molecules  in  the  surface  of  the  solid  determines  the 
energy,  so  far  as  the  solid  alone  is  concerned;  but  that  is  not  the  only 
— though  it  may  be  the  most  important — factor  conducing  to  the  result 
It  is  therefore  quite  possible  that,  under  the  circnmstances  in  which 
the  natural  crystals  of  fluor  were  formed,  the  surface  energy  of  the 
cubical  f^ea  was  less  than  that  of  the  octahedral,  although  when  we 
experiment  on  tliem  in  the  wr,  it  is  the  other  way.  This  supposition 
is  confirmed  by  the  well-known  fact  that  the  form  assumed  by  many 
salts  ill  crystallieing  is  affected  by  the  character  of  the  solution.  Thns 
alum,  which  troia  a  solution  in  pure  water  itiways  assumes  the  octa- 
hedral form,  takes  the  cubic  form  when  the  solution  has  been  neutn- 
lised  with  iwtash. 

To  return  to  the  cnbio  and  dodecabedral  cleavages.  If  we  snppose 
the  excursions  of  the  i>art8  of  the  molecule  to  be  greater  in  one  direc- 
tion than  ill  the  others,  the  figure  within  which  the  molecule  is  comprised 
will  beaprolutespheroid;  if  less,  an  oblate  spheroid.  Now,  as  already 
explained,  the  spheroids  will  be  i>acked  as  closelyaa  possible  if  the  axes 
are  nil  parnlloil  and  each  is  touched  by  twelve  others.  Now  suppose 
the  spheroids  arranged  as  in  Fig.  6,  n-ith  their  axes  perpendicular  b> 


^«  ftgiir*;  pliw^  the  next  laj"er  iu  the  black  triaugalar 
iiplote  the  pynuuid.    Tho  three  faces  of  the  pyramid 
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will  be  eqnal  isosclea  traogies;  and  if  the  spberoids  be  oblate,  and  the 
axis  half  the  greatest  diameter,  the  three  angles  at  the  apex  of  the  pyra- 
mid will  be  right  angles.  The  crystal  will  have  cubic  symmetry,  but  the 
relatire  coudensatiott  in  th^  faces  of  the  cube,  octahedron,  and  dodeca- 
hedron, will  be  as  1:0'5774:0-7071.  The  easiest  cleavage  would  there- 
fore be  cubic,  as  in  rock  salt  and  galeoa. 

Again,  if  the  spheroids  have  their  axes  and  greatest  diameters  in  the 
ratio  of  1  :  V2,  and  we  place  foor,  as  in  Fig.  7,  with  their  axes  ])erpeQ- 


dicnlar  to  the  plane  of  the  figure,  then  place  one  upon  them  in  the 
middle,  aud  then  four  more  upon  it,  in  positions  corresponding  to  those 
of  the  first  four,  we  get  a  cubical  arrangement,  the  center  of  a  spheroid 
in  each  angle  of  a  cube,  and  one  in  the  center  of  the  cube.  Crystals 
80  formed  will  have  cubic  symmetry,  but  the  concentration  of  molecnles 
will  be  greatest  in  the  faces  of  the  dodecahedron,  and  their  easiest 
cleavage  will  be,  like  that  of  blende,  dodecahedral. 

If  spheroids  of  any  other  dimensions  be  arranged,  as  in  Figs.  1  and 
2,  with  their  axes  perpendicular  to  the  plane  of  Fig.  1,  we  aball  get  a 
crystal  with  the  symtnetry  of  the  pyramidal  system.  If  the  spheroids 
be  prolate,  the  fundamental  octahedron  will  be  elongated  in  the  direc- 
tion of  the  axis,  and  if  sufficiently  elongated,  the  greatest  condensation 
^be  in  planes  perpendicular  to  the  axis,  and  the  easiest  cleavage,  as 
in  [rassiate  of  potash.  In  those  planes.  On  the  other  hand,  if  the 
splieroids  be  sufficiently  oblate,  the  easiest  cleavage  will  be  parallel  to 
the  axis. 

If  spheroids  be  arranged,  as  in  Fig.  C,  with  their  axes  perpendicular 
to  the  plane  of  the  figure,  they  will,  in  general,  prwiace  rhombohedral 
symmetry,  with  the  rhombs  acute  or  obtuse,  according  to  the  length 
n  Bhortness  of  the  axes  of  the  spheroids.  Tbe  cubical  form  already 
described  is  only  a  particular  case  of  the  rhombohedral.  If  the  ratio 
between  the  axis  of  the  spheroids  and  their  greatest  diameters  beonly 
alittle  greater  or  a  little  less  than  1  :  2,  the  condensation  will  be  great- 
est in  the  faces  of  the  rhombobedron,  and  tbe  easiest  cleavage  will  be 
rhombohedral,  as  in  calcite.  If  the  spheroids  be  prolate,  the  easiest 
cleavage  will  be  perpendicular  to  tbe  axis  of  symmetry,  as  in  b«ylaud 
many  other  crystals.  Bach  crystals  have  a  tendency  to  assume  hex- 
agonal forms — equiangular  six-sided  prisms  and  pyramids.  Toexplain 
this,  it  may  be  seen  in  Fig.  6  that,  in  placing  the  next  layer  upon  tbe 
spheroids  represented  in  the  figure,  tbe  three  spheroids  which  touch  that 
marked  a  may  occupy  either  the  three  adjacent  white  triangles  or  the 
three  black  ones.    Either  position  is  equally  probable.    The  li^er  oc- 

,.,  ...Google 


I 


^ -  _      '•^r.tt^    -      -W31  to  Uiat  oeotpj- 

_=        ■    -  -:^z,    -^ra  prf  the  layeiare 

_u  z=-"-n-     .    -     L   .    IB-*  ways  die  molt 

-  -__?-    __  ■  -j!-  -icrfiwe  tension  will 

—  __, z...    •  .  -    :'..    .r--:r<TL  aaoccesBonuf 

^-  -  ^'^■-^r  ridges  and  to- 

—  _:.       .-      -t --     ^-^  3?*  U»  iwrea8«l Bin- 

;.  r;-'r  -  -_:     m-  •  ff     Ontlieotkr 

-        .  — :^ .    —tan     i.  tur  »ay  indkated,  iff 

^—    -■'-.     .'  T..  rhe  prodnctioorf 

.  -»=-.:     '-  Tf  &(-t  that,  for  a 

.  T  .      :-:iiJ'a:i*-  iirma  wingraienil 

- _>_■•-».   ■«i-;l  Ckibs  lend  them 

._  _  -    _       ._;    r-«ra..s.  4S  is  well  seen  in 

. .  _-     -  -  -     _---     -J—  ~.    iber  pi)sition«  than 

...   _  -_-  i.-f— L..^  .trtapy  eUipwiiiiii 

,      «.  i  -  ~  di-hed  by  twelve  otii 

-       ~-    ~ui:',  ■w;tv-  hp  worked  ont  on 

._     -  :--iitii.  a!nl  will  be  foond  i« 

.„  ,   jT^u::Pioenta  of  molecoles  t" 

._      ^.   — .-ju.iie  baa  eiteuded  them  w 

-itT  \>  ML-aant  for  additional  fiicts 

.    .-■    .L    aHU  iiaa  {riftn  any  reason  whj 

.L  ^.rraiii.'Wiiwita.    To  me  it  seems  tlwl 

"""  .  ,  ...I  luuwusly  assumed  by  the  moletnlfi 

.,       ,^&jnodepeDdoiithedinieD3io[isof 

~'    .„      ~' .   .1  their  axes.    Carie  also  has  M 

^^.',"    -mij.ineil  forms,  as  those  of  cube  ffld 

*  '  """  .     -c  sortate  tensions  ia  the  faces  of  the* 

""""    "  ,-^i  iiywthe  sorBiee  tension  is  conna-ted 

"  C  •  -.i^f-  •«  "^y  *'"'  *""^  "^  *  *^"*""  "^ 

'""    '    -,LrhaiofaaoctiUMMiraI&<*. 

■•"*»"■"  '        !;  Miv^mi  atthe  BoyallnsfttaW 

""'    '  -     '"""     . -,   h c- bmi  oat  of  the  wlnfo" 

;■  —  -       ^  '.'.  ^.-jrt  tensioii  will  «"*"■ 

""'      ""         -^.-^liyaaifitliad""'' 

.J.  ^  -.  :he  tension  of  t^i^ 
■-         -      '  ,.  -   V  jrwter  than  on  a 

\       .,.-^-~Mee8sarilycanse 

"  "  "~  ,.  . .  V-  ,  «s»r£ice energy. 
■  ^  "^  -^-  .-..i-wiintbeiatof'Of 
.,,«.- ^^       -^  SttteeaoflMst 


CEY8TALLIZATI0N.  279 

energy  will  be  most  easily  prodaced  inside  as  veil  as  outside,  and  in  a 
cryiitalline  mass  of  course  they  will  be  parallel  to  the  external  faces  of 
the  crystal.  "We  see  the  same  thing  in  the  action  of  solvents.  Most 
metals  assume  a  crystalline  texture  on  cooling  (irom  fnsion,  and  when 
slowly  ac^ted  on  by  dilute  acids  the  Burfaces  of  {greater  energy  are  most 
easily  nttitcked,  in  accordance  with  the  laws  of  energy,  and  the  undis- 
solved metal  is  left  with  sar£aces  of  least  energy  which  are  the  faces  of 
crj'Btals.  This  is  easily  seen  on  treating  a  piece  of  tin  plate  or  of  gal- 
vanized iron  wUh  very  dilate  aqua  regia.  In  fact,  solution  is  elosely 
connected  with  surfiEuie  energy.  It  is  probably  the  low  surface  energy 
of  one  form  of  crystals  of  sulphur  which  makes  them  insoluble  in  car- 
bon disulphide,  and  this  low  surface  energy  may  be  an  electriciil  effect. 
1  pointed  out  that  the  development  of  all  the  faces  of  a  form  and  the 
similar  modification  of  all  corresponding  edges  and  angles  of  a  crystal  are 
ill  general  necessary  in  order  to  produce  equilibrium  under  the  surface 
tensions.  But  we  sometimes  find  crystals  with  only  half  the  modiflca- 
tioD8  required  for  symmetry.  In  such  cases  the  surface  tensions  must 
produce  a  stress  in  the  interior  tending  to  deform  the  molecules.  When 
the  crystal  was  growing  there  must  have  been  equilibrium,  and  there- 
lore  a  pressure  equal  and  opjiosite  to  this  effect  of  the  surface  tension. 
There  are  various  ways  in  which  we  may  suppose  that  such  a  force 
TODld  arise.  The  electric  field  might  give  rise  to  a  stress  in  opposition 
to  the  aggregation  of  the  molecules  in  the  closest  possible  way,  and 
tbeD  the  crystal  would  grow  such  faces  as  would  produce  an  equal  and 
opposite  stress.  Inequalities  of  temperature  or  the  presence  of  mole- 
cules of  other  kinds  amongst  thoseof  the  crystal  might  produce  similar 
malts.  When  the  stress  due  to  electricity  or  to  tenii)erature  was 
mtoved  by  change  of  circumstances,  that  due  to  the  surface  tensions 
wonlil  persist,  and  the  crystal  would  be  left  with  an  internal  strain. 
Crystals  of  this  sort,  with  unsymnietric  fat^es,  generally  betray  the 
iitenial  strain  either  by  developing  electricity  of  opposite  kinds  at  the  - 
two  ends  when  heated  or  cooled,  or  they  affect  polarized  light,  rotat- 
ingtlie  plane  of  polarization.  That  these  effects  are  due  to  the  internal 
strain  is  shown  by  the  fact  that  tourmalines  and  other  crystals  which 
are  pyro-electric  when  unsymmetrical  show  no  such  property  when  sym- 
metrically grown.  Also  sodium  chlorate  in  solution,  quartz  when  fused, 
and  so  on,  lose  their  rotatory  power.  Substances  which  in  solution  show 
rotatory  power  as  a  rule  develop  uusymmetiic  crystals.  This  is  well 
seen  in  the  tartrates.  The  constitution  of  the  molecules  must  be  such 
that  they  will  not  without  some  strain  form  crystals;  and  equilibrium 
when  the  crystal  is  growing  is  attained  by  means  of  the  opposing  stress 
due  to  want  of  symmetry  in  the  surface  tensions.  In  all  such  crystals 
the  rotatory  jmwer  of  the  solution  disappears  in  whole  or  in  part.  We 
(nn  not  test  this  in  biaxial  crystals,  but,  according  to  Des  Cloiseaux, 
sulphate  of  strychnine  is  the  only  substance  which  shows  rotation  both 
in  the  solution  and  in  the  crystalline  form,  and  in  it  the  rotatory  power 
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By  Prof.  John  W.  Judu,  F.  R.  S. 


Very  soon  after  the  inventioQ  of  the  microscope  the  value  of  that  iii- 
strameut  in  inveHtigatiag  the  phenomeua  of  crystallizatioo  began  to  be 
recognized. 

Th«  study  of  crystal  morphology  and  cryBtallo-geneBis  was  initiated 
in  this  country  by  the  obserratioas  of  Bobert  Boyle ;  and  since  his  day 
a  host  of  investigators — among  whom  may  be  especially  mentioned 
Leeuwenhoek  and  Vogelsang  in  Holland,  Link  and  Frankenheiin  in 
Germany,  and  Pasteur  and  Senarmont  in  France — ^have  added  largely 
to  our  knowledge  of  the  origin  and  development  of  crystalline  struc- 
tores.  Nor  can  it  be  said  with  justice  that  this  field  of  iuvestigation, 
opened  np  by  English  pioneers,  has  been  ignobly  abandoned  to  others, 
for  the  credit  of  British  science  bas  been  fully  maintained  by  the  no- 
merouB  and  brilliant  discoveries  in  this  department  of  knowledge  by 
Brewster  and  8orby. 
There  is  no  branch  of  science  which  is  more  dependent  for  its  prog- 
nwon  a  knowledge  of  the  phenomena  of  crystallization  than  geology, 
laieekingto  explain  the  complicated  phenomena  exhibited  by  thecrys- 
Calline  masses  composing  the  earth's  crust,  the  geologist  is  constantly 
compelled  to  appeal  to  the  physicist  and  chemist ;  from  them  alone  can 
be  hope  to  obtain  the  light  of  experiment  and  the  leading  of  analogy 
Thereby  be  may  hope  to  solve  the  problems  which  con&ont  him, 

Bnt  if  geology  owes  much  to  the  researches  of  those  physicists  and 
chemists  who  have  devoted  their  studies  to  the  phenomena  of  crystalli- 
zation, the  debt  bas  been  more  than  repaid  throngb  the  new  light 
vhich  has  been  thrown  on  these  questions  by  the  investigations  of  nat- 
urally formed  crystals  by  mineralogists  and  geologists. 

lu  no  class  of  physical  operations  is  time  such  an  important  factor  as 
it)  crystallization,  and  Nature,  in  producing  her  inimitable  examples  of 
crystalUne  bodies,  has  been  unsparing  in  her  expenditure  of  time. 
HeDce  it  is  not  surprising  to  find  that  some  of  the  most  wonderful  phe- 
nomena of  crystallization  can  best  be  studied — some  indeed  can  only 
b«  studied — in  those  exquisite  specimens  of  Nature's  handiwork  which 

The  Fridajr  evening  ducoarse,  delivered  at  the  Boykl  Institntioa  on  JannM-y  30, 
189L   {,Vna  Nalun,  Ituj2»,lS9l;  voi.^uv,  pp.  ta-ea.) 
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may  be  completely  altered  by  the  presence  of  iiiflnit«simal  traces  of 
certain  foreign  substances — foreign  subBtances,  be  it  remarked,  which 
do  not  enter  in  any  way  into  the  composition  of  the  crystallizing  mass. 
TliOH  there  are  certain  crystJils  which  can  only  be  formed  in  the  pres- 
ence of  water,  fluorides,  or  other  salts.  Such  foreign  bodies,  which 
exeictse  an  influence  on  a  crystallizing  substance  without  entering 
into  its compoaitioo,  have  been  called  by  the  French  geologists  "miner- 
alizers.''  Their  action  seems  to  curionsly  resemble  that  of  diastase 
and  of  the  bodies  known  to  chemists  as  "  ferments,"  so  many  of  which 
are  now  proved  to  be  of  organic  origin. 

Studied  according  to  their  mode  of  formation,  zoned  crystals  fall 
naturally  into  several  different  classes. 

In  the  first  place,  we  have  the  cases  in  which  the  successive  shells 
or  zones  differ  only  in  color  or  some  other  accidental  cliara«ter.  Home- 
times  such  differently  colored  shells  of  the  crystal  are  sharply  cut  off 
from  one  another,  while  in  other  instances  they  graduate  imperceptibly 
one  into  the  other. 

A  second  class  of  zoned  crystals  includes  those  in  which  we  find 
dear  evidence  that  there  have  been  imtises,  or  at  all  events  changes 
iu  the  rate  of  their  growth.  The  interruption  in  growth  may  be  indi- 
cated in  several  different  ways.  One  of  the  commonest  of  these  is  the 
formation  of  cavities  filled  with  gaseous,  liquid,  or  vitreous  material, 
according  to  the  way  the  crystal  has  been  formed,  by  volatilization, 
by  solution,  or  by  fusion,  the  productiou  of  these  cavities  indicating 
rapid  or  irregular  growth.  Not  nnfrequently  is  it  clear  that  the 
ajHtal,  after  gi-owing  to  a  certain  size,  has  been  corrodwl  or  partially 
Ksorbed  in  the  mass  in  which  it  is  being  formed,  before  its  increase 
Its  resumed.  In  other  cases,  a  pause  in  the  growth  of  the  crystal  is 
indicated  by  the  formation  of  minute  foreign  crystals  or  the  depo- 
sition of  uncrystallized  material  along  certain  zonal  planes  in  the 
crystal. 

3ome  very  interesting  varieties  of  minerals,  like  the  Cotterite  of 
Ireland,  the  red  quartz  of  Cumberland,  a<id  the  spotted  amethyst 
of  Lake  Superior,  can  be  shown  to  owe  their  peculiarities  to  thin  bands 
of  foreign  matter  zoaally  included  iu  them  during  their  growth. 

A  curious  class  of  zoned  crystals  iirises  when  there  is  a  change  in 
the  habit  of  the  crystal  during  its  growth.  Thus,  as  Levalle  showed 
ID  1851  {Bull.  Oettl.  Soc.  Paris,  2'"«.  s6t.,  vol.  Vlll,  pp.  610-13),  if  an 
octahedron  of  alum  be  allowed  to  grow  to  a  certain  size  in  a  solution 
of  that  substance,  and  then  a  quantity  of  alkaline  carbonate  be  added 
to  the  liquid,  the  octahedral  crystal,  without  change  in  the  length  of 
ite  axes,  will  be  gradually  transformed  into  a  cube.  In  the  same  way, 
a  sualenohedron  of  calcito  maybe  found  inclosed  in  a  prismatic  crystal 
of  the  same  miueral,  the  lengths  of  the  vertical  axes  being  the  same  iu 
both  crystals. 

By  for  the  most  numerous  and  import:iiit  clas^  of  zoned  crystals  i" 
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*^H,^  wbich  inelndea  the  forms  where  the  soccesaive  zonea  are  of  differ^ 
^*^^  thongh  analogous,  chcinical  compositioD,  In  the  case  of  the  aloms 
*^  SarnetB,  we  niap  have  Tariotw  isomorphoos  compoanda  fonnini; 
*;**  noocewive  sonea  in  the  same  crystal;  while,  in  sabetances  crystal- 
'^stng  in  other  aystems  than  thecnbic,we  find  ideatomorpboas  com- 
f^^ttndH  forming  the  differeut  iocloeing  shells. 

Sorh  cai«eii  are  illiutratad  by  many  artificial  erystabt  and  by  the 
^HirmatineH,theepldute«,aadtheGebldparsaMoa£miitwal8.  Thezonea, 
*^H)aiBtiQ(t  of  lUfferaiit  nutorials,  are  aooMiiBas  separated  by  well 
**iarlto<l  plaiioK,  but  in  other  eaaea  they  sk^de  impneeptibly  into  <me 
*kiiDther. 

In  otiiniootion  with  this  nbfect  it  voiy  be  weH  to  point  ont  that 
Koued  ojyatala  may  be  forvwd  of  tww  «ib>Maaee»  which  do  not  crystal- 
Xiap  in  the  same  ayatMa.  Thas.  cxy^fikb  af  l^e  muDoeliiuc  aogite  may 
%M!>  found  BUTRNinded  by  a  wamit  «f  ita-  Auoibie  ens&tCite  and  crystals 
^ot  a  tridinic  felspar  may  be  tmmmL  eihicged  by  a  mmoellnic  feldspar. 
Still  more  ciuioas  is  tke  faM  dtuc  where  tdi««  ia  a  similarity  iu  crys- 
%»Uiii«  form  and  as  apgnxJsHwn  in.  the  donuBont  angles  ([rfeaiomor- 
)t)U!Un>,  w«  aaay  kave  mma^  jai£  intxsigrowtli  in  tlie  ^ystals  uf  eab- 
taMKW  which  penwar  »*  ifceniual  anaio^  wfaalsvec.  Thas,  as  Senar- 
MAAi  i^dtemd  in  1S%.  a  ^OaMKaeB-ciMmb  ut'  the  natural  ealeic  earbooate 
(«*M«(>X  wbBB  rianwfl  :u.  «■  AtOntoK  of  the  sscBe  iutar»te,  bectmiea  mi- 
Triflfied  ia  a  bhbt  tt  nut  JBsnr  ^atMtaace,  and  Tachwr^fc  has  i««Ted 
tiun  l^  t»mKfMtaA  nrmat  ams-  Crated  beharaa  Shie  a  boMo^eneons 
«•«,  if  aeAnd  bx  i».  nua^vjih.  by  tl»  aoaceptihUtty  t»  twin  lameHtfkm, 
w  by  l^fi|!ww-i»nift)a»i- ly  tjBduag^  In  tiie  asiae  way,  ztrcuia,  which 
«*>e  uimpiMM  B  tt  'ziH  7N1  •iKiiyM'  of  jiiiiMQ  and  zizeoBiam,  are  found 
c  ID  ni«jiajita  a7^96U&  with  nmamti.  \  phiM^iate  cf  the  metals 
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Is  1S13,  HermaDTi  Jordan  showed  that  crystals  taken  from  a  solation 
and  mutilated  gradaally  became  repaired  or  healed  wheu  replaced  in 
tlie  solution  {MiUler  Arehiv.  fur  1&42,  pp.  46-56).  Jordan's  observa- 
tions,  which  were  published  in  a  medical  jonrual,  do  not  however  seem 

I    to  bare  attracted  mach  atteutiou  ttom  the  physicists  and  chemists  of 
the  day. 

Lavalle,  between  the  years  1850  and  1853,'  and  Kopp,  in  the  year 
ISSu,  made  a  number  of  valuable  observations  bearins  on  this  interest- 

'  in{r  property  of  crystals  (Liebip  Ann.,  1855,  KClT.,pp.  118-25).  In  1856 
tbe  sabjec-t  was  move  thoroughly  studied  by  three  investigators  who 
pobliKhed  their  resolts  almost  simultaneously;  these  were  Marbach 
[Cmpt.  rm4.,  1850,  XLIIi,  pp.  705-706, 800-802),  Pasteur  {ibid.,  pp.  795- 
iHO),  and  Senarmont  {ibid.,  p.  709).  They  showed  that  crystals,  taken 
finin  A  solution  and  mutilated  in  various  ways,  upon  being  restored  to 
the  liquid  became  completely  repaired  during  subsequent  growth. 
As  long  ;^o  as  1851 ,  Lavalle  bad  asserted  that,  when  one  solid  angle 

;  of  an  octahedron  of  alum  is  removed,  the  crystal  tends  to  reproduce 

j   the  same  mutilation  on  the  opposite  angle  when  its  growth  is  resumed  I 

I  This  remarkable  and  anom^oas  result  has  however  by  some  subse- 
qneot  writers  been  explained  in  another  way  to  that  suggested  by  the 
anthor  of  the  experiment. 
^  Id  the  same  way  the  curious  experiments  performed  at  a  subsequent 
I  date  by  Karl  von  Haner,  experiments  which  led  him  to  conclude  that 
hemihedrism  and  other  peculiarities  iu  crystal  growth  might  be  induced 
bf  mutilation,^  have  been  asserted  by  other  physicists  and  chemists 
nattojnstify  the  startling  conclusions  drawn  from  them  at  the  time. 
Itmnst  b«  admitted  that  new  experiments  bearing  on  this  interesting 
qustiou  are  at  the  present  time  greatly  needed. 
In  1881,  Loir  demonstrated  two  very  important  facts  with  regard  to 
powing  crystals  of  alum  {Compi.  rend.,  Bd.  xoii,  p.  1166),  First,  that 
irUie  injuries  in  such  a  crystal  be  not  too  deep,  it  does  not  resume 
pvwth  over  its  general  surface  nntil  those  injuries  have  been  repaired. 
Sttoodly,  that  the  injured  surfaces  of  crystals  grow  more  rapidly  than 
BatniBl  Eiices.  This  was  proved  by  placing  artificially  cut  octahedra 
ud  nataral  crystals  of  the  same  size  in  a  solution  and  comparing  their 
■eight  after  a  certain  time  had  elapsed. 
The  important  results  of  this  capacity  of  crystals  for  undergoing 
btaling  and  enlargement  and  their  application  to  the  explanation  of 
islerMting  geological  phenomena  have  been  pointed  out  by  many  an- 
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•H^ UI6, p. 24;  and  W.  Saiiber,  LUbig  Ann.. cxxiv.,  1862,  pp.  78-83 ;  a\i»>  W.  Ostwald, 
"Ubrbuch  d.  All«.  Chem.,"  1885,  Bd.t,p.738,  and  0.  I,etimaDa,"HolekiUju  Pby- 
«k,''l88B,Bd.i,p.3l2.  ,  -  I 


"  rJ    J'-*.Ji*,'»«(»!«CBirCE  OP  CRT8TALS. 

•  -'  .-  .  ,*  iHrt^t  tttsu,  ill  Mie  KO'Called  crTstalline  sand  gntins, 

-■ «*"l  -'iVf' TyoUlit  nf  quartz,  which,  afl«r  maoy  vicis- 

.-•--  ..  /(  .*  .^„^  ,4  imHUnw  nf  years,  have  grown  again  and  been 
-■■•■•-^^/i  ,.  ,  ,rtt-»!/  frtTKwwi  unartz  cryatal.  Bonney  has  shown  how 
■>-  -..«».  .,(.*.r./rf«.*ft»  w*  Mthibtied  in  the  caee  of  Mica,  Beeke  and 
,.1",,,..  (  .,r-  ir>  (Mr  (sMWi  «f  lutrnblrndv.  asd  MerrOl  ia  tW  rweof 
..•f'/.i"  Im  i}>''VM'tiar«'rf'r-jtrtaiiirockiiitb»bw«Bpfwndtkasn7stab 
lliH»  li-t"^  irf»Ti  ./rtutAfti,  rrarkM,  rtvmaivil.  .hmI  3iwtBi»nT 
*lin'(.  lis.-"  .1.  'b/>rT.  AitffRrHl  l»oth  am-faMJinh'  a 
rnf*y  I*-  .■•7Mii'«r  ,«a«|  rnlar|ir<ft  with  > 
III  i-Ufmif^i  i-r,mf>(Mii.lnn  flporo  tb*  wipnuJ  •[ 

It  I'  i»ii>n»4ti>tA  to  »v(>i(l  a  wat>arittun  Ittmnn  -iiOM  ^iit 
lit*  ii>f>r</AAi#  »iirlrl  Mill  tlione  M>  ibaiiitur  V  tdh  iitilogiuc  ~  »  ^tiy 
jii  lit*-  if.wMTt,  riinnii  of  HDimal  Brt  due  ■»«  iml  .in  anlimitw  ^•••r  <»f 
ifTKwr1i>((  iii|iirln>:  in  iW  KhutfpwJn- JOit  «Mn<  octiiK-  i^mvw  a  imiTI 
rr^ffHw^t  "\a\  ifrow  inio  a  pt^tMbcG  •te;ptatsn.  Di  piaotfi-  -iB?  i^Be  pfce- 
iHimmioT)  ID  cxIiiIiiImI  miirk  UMV  mMDaktoiv.  .umI  in  r'omRi  ii  jiMijng  U 
i^r'xiiiH  lii^'t)  ii|>  in  Cl'**  vftrKAi'If  -wrMk  TbOHt  parts  >n  i  nanc  ^teh 
.tM  litiii*.  Iiitllii*,  slipi*.  iuut  jcraft^  majr — wmttnoMM  utw  i  oa^  mttr- 
\-!it-  -i>^  iniMit*  tti  ifruw  Up  iat»  aew  and  pttrnv  .raiivr-j-xatA.  Bmt  in 
r.tu>  uDii^itl  kiiiKilitm  we  Mod  the  »aDi«  ;>rtnr!DW  turrt-H  ~u  a  Bnch 
ntrtltw  i-xlMil-.  Wt>  liiiMw  in  £u't  no  tiiuic  -o  ur  .iuiuL9fMe»'>t'  fta^- 
niratN  fftiirli  iDHy,  uwlfr  fikvoniabtw  c«Miai»Vh  ^ 
i»lit,  iKi  IwiniutH  Kit  to  the  time  donne  wiuao.  s 
inay  \m^  roiHpAiidml  in  the  <.-ase  ut'  aar  -wnunutc  : 

Tlie  UMt  pmpeity  of  crystals  w-^..--.  ~  am* 
nx)>lain  iha  partivnlar  case  tv  v^Lei  x  .  jb   r.'^ 
nttfia.  m  the  lidlowiiig: 

Two  cTyAtalit  of  totally  difliH««i  t 
Tbn  Apaa'e  bnanded  by  cemtiii  -?.», 
inTM-  ifmwB,  though  each  nKaine-  '.-^  uhonc!  nui  «iiBiiii~- 

riiw  pntpcrty  is  a  L■0II6«^nruL•w  n;  u^  tMiv  luaf  "*  •^'^^■Be  -rf  a 
iTjsrtal  is  not  neoessarily  ■.tmcavoax  wUt^tH  titf  "I*"  a"^****  VT  >•» 
bmiwling  itlanes.  Crystals  often  ^■'x-l.itti,  li-dvUH""  filiw  "-^  •"■  -"^ 
othet  Ibniiin  substauces.  !•  Mvt  ...-.iv  'i,v>J»tJw  toout.  i.  "^f  Foa- 
taineUcao  sandstone,  lew*  ''w"  "*  i  v^  . .  ul  <>i  (Jitirii»fc  •«*«»  «rf 
cah-ji- carbonate,  white 'M»>*»  "  ■  "  i',  ,  ,,111  i«rnndenp«  jaia»  (rf 
qoartJ8aod.caii»l"e'*J"'"'  '    ■  -li.   ,,i„.ii. 

In  theroeicaW*^  "'"•  '*.     \\»i  ituvc  tliomiiKTab'ii 

jHid  Unarte  inf*"'""'","         ,^       .       ^*   '-^    tlinl  llm  iiiorcot  lea 
partsofem:l'iMui'^-  •"  ■■•    >     .(.iumI  i-lu«w;ters.  to  be  p«w  at' 

gmU  iBata»ii>  '"'  •    ,    ^     HimHiu'  relations  aieahi^  in 

tfceso^aJ'*^""'    "  ,      ^   ^'  ;'s^„,,,,i,.  jHivrKrowthsof  thesa^f 

■"■*'*''  "   '^     -U^itHl  lit  lliu  rock  nnderoarcaa- 
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mind  If  ve  woald  explain  the  phenomena  exhibited  by  thlB  interest- 
lug  rock : 

A  crystal  may  undergo  the  most  profomid  Internal  changes,  and 
these  may  lead  to  great  modifications  of  the  optical  and  other  phys- 
ical properties  of  the  mineral;  yet,  so  long  as  a  small — often  a  very 
small — proportion  of  its  molecules  remain  intact,  the  crystal  may  re- 
tain, not  only  its  ootward  form,  bnt  its  capacity  for  growing  ami  re- 
pairing injaries. 

Crystals,  like  oorselves,  grow  old.  Not  only  do  they  suffer  fh>m  ex- 
ternal injuries,  mechanical  fractures,  and  chemical  corrosion,  but  from 
actioDa  which  affect  the  whole  of  their  internal  Btructure.  Under  the 
induence  of  the  great  pressures  in  the  earth's  crust,  the  minerals  of 
deep-seated  rocks  are  completely  permeated  by  fluids  which  chemically 
react  upon  them.  In  this  way,  negative  crystals  are  formed  in  (heir 
Bnbstauce  (similar  to  the  beautifnl  "  ice-flowers  "  which  are  formed  when 
a  block  of  ice  is  traversed  by  a  beam  from  the  sun  or  an  electric  lamp), 
and  these  l>ecome  filled  with  secondary  products.  As  the  result  of  this 
action,  minerals,  once  perfectly  clear  and  translucent,  have  acquired 
dondy,  opalescent,  iridescent,  avanturine,  and  "schiller"  characters; 
and  minerals,  thus  modified,  abounded  iu  the  rocks  that  have  at  any 
period  of  their  history  been  deep-seated.  Aa  the  destruction  of  their 
internal  strnctare  goes  on,  the  crystals  gradually  lose  more  and  more 
of  their  distinctive  optical  and  their  physical  properties,  retaining  how- 
ever their  external  form,  till  at  last,  when  the  last  of  the  original 
iDoIecales  is  transformed  or  replaced  by  others,  they  pass  into  those 
mineral  corpses  known  ttt  ua  as  "pseudomorphs." 

Bnt  while  crystals  resemble  ourselves  in  "growing  old,"  and,  atlast, 
mdergoing  dissolution,  they  exhibit  the  remarkable  power  of  gntwing 
rwDg  again,  which  we,  alasl  never  do.  This  is  iu  conseqaeuce  of  the 
following  remarkable  attribute  of  crystatline  structures. 

It  does  not  matter  how  far  internal  change  and  diaintegratioti  may 
bave  gone  on  in  a  crystal;  if  only  a  certain  small  proportion  of  the 
unaltered  molecules  remain,  the  crystal  may  renew  its  youth  and  re- 
nime  its  growth. 

When  old  and  mach  altered  crystals  begin  to  grow  again,  the  newly 
formed  material  exhibits  none  of  those  marks  of  "senility"  to  which  I 
have  referred.  The  sand  grains  that  bave  been  battered  and  worn  into 
microscopic  pebbles  and  have  been  rendered  cloudy  by  the  development 
of  miUions  of  secondary  fluid  cavities  may  have  clear  and  fresh  quartz 
deposited  upon  them  to  form  crystals  with  exquisitely  perfect  faces 
and  angles.  The  white,  clouded,  and  altered  feldspar  crystals  may  be 
enveloped  by  a  zone  of  clear  and  transparent  material,  which  has  been 
added  millions  of  years  after  the  first  formation  and  the  subsequent 
alteration  of  the  original  crystal. 

We  are  now  in  position  to  explain  the  particular  case  which  I  have 
thought  of  sufficient  interest  to  claim  your  attention  to-night. 
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DEDUCTION  FBOM  THE  GASEOl'S  THEORY  OF  SOLUTION.' 


BY  PEOF.  OEME  MA8SON. 


Before  passing  on,  let  me  briefly  recapitulate  the  chief  points  in 
Van't  Hoft''s  gaseoaa  theory  of  solution  and  the  experimental  laws  on 
vhich  it  is  based. 

(1)  In  every  simple  solution  the  dissolved  substitace  may  be  re- 
f»rded  as  distributed  throughout  the  whole  bulk  of  the  solution.  Its 
lotal  volume  is  therefore  tliat  of  the  solution,  the  Holvent  playing  the 
part  of  80  much  space;  and  its  speuillc  volume  is  the  volume  of  that 
qnantity  of  the  solution  which  contains  1  gi-ain  of  the  substance.  Ti> 
avoid  confusion,  it  is  best  to  speak  of  tlun  as  the  specific  solution 
volume  (r)  of  the  substsinee.  It  is  obviously  in  iiivei's<!  ratio  tJi  the 
roncentratton. 

(2)  In  every  simple  soliitiun  the  dissolved  substance  exerts  a  definite 
osmotic  pressure  {p).  This  is  normally  indeiiendent  of  the  luiture  of 
theHolveat.  It  varies  inversely  ivs  the  specific  solution  volume  (or  dj- 
mtly  as  the  cmccutration),  and  directly  us  the  absolute  temperature 
\Ti.  We  may  then  write  for  solutions,  as  we  do  for  gases,  the  etination 
f.T=r.  T,  wherep  and  r  have  their  sjH-cialized  meanings,  and  r  is  a 
tuDxtnnt  for  each  soluble  substance. 

(3)  The  moh'cnlar  solution  volume  of  all  dissolved  sub-stances  is  the 
Siune  if  they  are  compared  at  the  same  temperature  and  osmotie  j)ress- 
ure.  If  (»  be  the  molecular  weight,  m  .  f  =  1'  is  the  mole<-Hlar  solution 
Tolnnie;  and  we  can  now  write,  as  we  do  for  gasi^s,  p  \\  =  R.  T,  where 
H  Ih  the  same  constant  for  all  substances. 

(4)  This  coustant  R  has  the  same  value  when  the  formula  is  applied 
to  the  dissolved  state  as  when  it  is  »pplie<I  to  the  gaseous  state  itselt 

(5)  The  gase«nis  laws,  as  I  have  stated  thc^tn,  are  not  iibsohitely  ti-ue 
for  dissolved  matter  in  all  circumstances.  Dissueiation  olVn  oiroura, 
M  it  may  occur  in  the  process  of  vaiMmzation,  thus  causing  apparent 
«xi«[>tions,  but  apart  from  this  there  are  and  nutst  be  variations  from 

'  Part  of  an  addrms  ilelivered  by  the  rreBidi^iit  nf  Kcrtirm  l(  of  t1i«  Aiiilniliiin 
^Mristionfor  the  AdvanocnieDt  of  ScieDce,  Jaouury,  1891.  <Kroni  XalH'e.  Fi;li.  IJ, 
1*81;  vol.  suii-.pp.  345-349.) 
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.ifi-atnte  at  which  it  becomes  infinitely  volatile — a  tern- 

\'t'  which  the  liquid  can  not  possibly  exist  in  the  presence 

.!>or,  no  matter  how  great  the  pressure  may  be.     At  this 

.  otinilibrium  of  pressure  between  the  liquid  and  its  vapor 

ii'ssible,  and  above  this  point  the  substance  can  exist  only 

''Ills  is  the  critical  temperature.     And  so  it  seems  t4)  me 

;irry  our  analogy  to  its  logical  conclusion,  we  may  expect 

'bstauce  and  its  solvent  a  definite  temperature  above  which 

'  of  osmotic  pressure  between  uudissolved  and  dissolved 

is  imirassible — a  tt'mperature  above  which  tbe  snbst-ance 

I'xist  in  presence  of  its  own  solution,  or  in  other  words  a 

nreof  infinite  solubility.    This  may  be  spoken  of  as  the  crit- 

ton  temperature. 

[ittte  consideration  shows  that  in  one  particular  we  have  been 

It  inexact  in  the  pursuance  of  our  analogy,  for  we  have  com- 

.-  solution  of  a  solid  body  to  the  vaporization  of  a  volatile  liquid. 

1    however  do  better  than  this,  for  volatile  solid  bodies  are 

iting.     it  is  to  these,  then,  that  we  must  look  in  the  first  iii- 

Now,  a  volatile  solid  (such  as  camphor  or  iodine)  will  not 

.3  critical  point  without  having  first  melted  at  some  lower  tem- 

.0,  and  a  similar  change  should   be  exhibited  in  the  solution 

'.    At  some  definite  temjierature,  below  that  of  infinite  solubil- 

may  expect  the  solid  t^  melt.    This  solutiuu  melting  point  will 

identical  with,  but  lower  than,  tbe  true  melting  point  of  the 

.md  for  the  fullowing  reason:  No  civse  is  known,  and  probably 

-i;  exists,  of  two  liquids  one  of  whi<!h  dissolves  in  the  other  and  yet 

it  dissolve  any  of  it  iu  return.     Therefore  there  will  be  formed  by 

jg.  not  the  pure  liquid  siibstance,  but  a  solution  of  the  solvent  in 

iqnid  snbstatice.     Hence  the   actual   melting  or   freezing   point 

l>e  lower  tiian  the  true  one,  in  right  of  the  laws  of  which  I  have 

uu  when  discussing  Kaonlt's  methods  in  the  earlier  pait  of  this 

less. 

torn  this  solution  melting-point  upwards  we  shall  tben  have  to  deal 

li  two  liquid  layers,  each  containing  both  substance  A  and  solvent 

liiit  the  one  being  mostly  substance  A  and  the  other  mostly  solvent 

These  may  be  spoken  of  as  the  A  layer  anil  the  B  layer.     As  temper- 

nrerises,  the  proportion  of  A  will  decrease  in  the  A  layer  and  increase 

ithe  B  layer;  and  every  gram  of  A  will  o<;cupy  an  incre^'ting  sohi- 

isn  volume  in  the  A  layer  (B  being  absorbed  there)  and  a  decreasing 

■«lution  volume  in  the  B  layer.     At  each  temperature  the  osmotic  pres- 

•ires  of  A  in  the  two  layers  must  l)e  equal.    The  whole  course  of  aft'airs, 

>t<  thus  conceited,  now  admits  of  the  closest  comparison  with  the 

changes  which  accompany  gradual  rise  of  temperature  in  the  case  of  a 

volatile  liquid  and  its  saturated  vapor.    The  liquid  is  like  tbe  substance 

i  in  the  A  hiyer;  the  vapor  (which  is  the  same  matter  in  another 

^tej  is  li^e  th^  sane  substance  A  in  the  B  layer.    As  temperature 
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Alps^vrs  ex|)Ariinent3  iippeur  to  me  t«  be  of  tlic  very  hiyliest 
njiortiiiK'c,  iiiul  Ui  merit  tlie  dosv.-jt  att.ciitioji  in  any  iiM|uiry  into  tlie 
.:ttnrf  of  solution.  As  alreatly  ^ttat4MI,  tliey  iiU'oi-t]  tlic  stroii^f^Ht  nnji- 
"irt  tci  the  hyiMttliesia  which  I  hiive  been  iliHrnssiiig;  ind<>ed,  IdiiI  it 

4  been  for  this  support,  I  hIiouIi]  hardly  have  ventur(!<l  t^i  discnsB  it 

■  hII.  TiM'y  relfev  t')  solutions  in  water,  lielow  and  above  Irtoo.  of 
lenol,  siilieylic  acid,  bt'iizoie  tu.'.ul,  aniline  phenylat*',  and  aniline,  and 

■  Hohitioiis  in  molten  milphur  of  nbloi'ohenzene,  beuKeue,  toluene, 
liline.  and  mustard  oil.  All  these  aflbni  inntanceH  of  rfic-ipi-ocal  i>ar- 
U  solution  throughout  a  considerable  rmij^t^  of  t«'mperatare,  leading 
•VRtually  at  a  detinite  tem|ieratnre  to  inlinite  sobibiltty.  St^veral  of 
leni  aHVird  iiistjinces  n]t<o  of  solid  snbstaiiM-s  with  solution  uieltiug- 
-liDtA  1m;1ow  their  tnie  melting-jioints. 

Alex^off  exi»crimentjdly  determined  the  t^^niiieiiitun-s  at  which  dif- 
rent  mixtures  of  the  same  two  liquids  are.jnst.  converted  iiit4>  clear 
dntions;  or,  in  other  wonls,  he  nscertained  the  strengths  of  the  sjitu- 
jte<l  solutions  corresponding  to  diU'erent  teniiH-ratureK.      For  caeli 
•ir  of  liipiids  he  found  that  when  a  particular  streiigtli  of  mixture^  is 
eat-he*!.  the  tenii)eratur«  of  saturation  is  hiwercil  l>y  fiirthcr  a<Idition 
f  either  liiguid.     Thus  a  mixtim*  of  about  37  i)arts  aniline  to  fvt  i>iirt« 
/aler  rcc|uires  a  temi>eratitreof  164°-5  to  conveit  it  into  a  honioge- 
(«ons  solution;  but  one  of  21  of  aniline  to  79  of  water  assumes  this 
andition  at  IStP,  and  oneof  74of    » 
aniline  to  oA  of  water  does  so  at 
Sti°-'t.     He  plott^-fl  his  results  in 
jhe  fttrm  of  curves,  with  tempera-  i 
pae  and  ]iercentage  sti-eiigth  as 

Jke  two  eoordiniite.->.    The  curve 

■r  aniline  and  water  is  shown  in  i. 

tUp.  1,  and  this  may  be  taken  as 

n  fair  representative,  the  genenil 

■  liinii  of  all  being  similar.    It  is  < 

I  at  once  apparent  that  for  every 

'  temperature  up  t*!  a  certain  limit 

,  there  are  two  iMtssible  siitnrated  • 
nolntions,  one  of  wat<tr  in  aniline 
and  one  of  aniline  in  water.     The 
limiting    tcmi>erature    at    whicli  , 

there  is  but  one  noasible  saturated  ''"'"■  l— I'ereonUKu  of  ualUne  in  lln  utontod  ai]iifr 

'>omtion,  and  above  which  satu- 
ration becomes  imjMJSsible,  is  called  by  Alexeclf  th(^  Misehungs  Tem- 
pemtnr.  It  is  what  I  have  called  the  critical  3olHti<m  temperature.  It 
In  in  the  case  of  aniline  and  water  about  1(17%  as  nearly  as  one  can 
judge  from  the  curve  without  a  greater  number  of  exiwrimental  )Kiints 
than  we  have  in  this  part;  and  the  corresjKjnding  satmation  strength 
is  about  50  y>er  cent.    It  is  hardly  necessary  to  say  that  this  equality 
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s  experimental  temperatures,  so  a8  to  form  a  saturated  sotu- 

i-ii  ttom  carves  showiu^  the  expaoHion  of  pure  water  and 

'iiie  (the  latter  drawn  from  Thorpe's  data,  Tranit.  Chem.  Soc., 

IP  were  read  the  specific  volumes  of  these  substances  at  each 

'■(fa  temperatures;  and  from  the  combined  iuformatiou  thus 

'.  there  waa  calculated  the  total  volume  of  that  quantity  of  the 

't  solution  at  each  temperature  which  contains  1  gram  of  aiil- 

liis  is  what  I  have  already  called  the  specific  solution  volume. 

T  error  ts  involved  by  the  fact  tliat  the  volume  of »  solution  ia 

■(!tly  the  sum  of  the  volumes  of  its  ingredients;  but  this  error  is 

rily  .small — too  small  to  aH'ect  the  general  character  of  the  curve 

nature  of  the  lesson  to  be  learned  from  it. 

iliecific  sobition  volumes  of  the  aniline,  calculated  iu  this  man- 

-re  found  to  be  as  follows: 


Mil'tae"  ■ 

M,W 

OM 

7.«l« 

S I.0§7 

V 1-297 

2  

lieae  apeciflo  aolatioii  volumes  are  represented  as  abscissip  in  Fig.  2, 
-h  the  temperatures  as  ordiuates.     For  the  sake  of  compaiisoii,  I 


Vm.  S^Vdnmenf  alcobol  (Ilqnld  ini)  nHtnnlnl  npor)  welRblnK  I  mm. 

have  placed  side  by  side  with  it  a  specific  volume  and  temperature 
curve  {Fig.  3)  for  pure  alcohol  and  its  saturated  vapor,  plotted  from 
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CAM-  llio  mum',  quiiiitity  of  aiitliiie  rli8tribute<l  tlirougii- 

•:i<'c.     And  wliAt  will  bo  tliu  i-eaiUt  of  doing  tltiu  wliilu 

kept  (^oiistiiiit?     Hvidcntly,  a»  in  tlie  other  case,  the 

I   will  travel    to    tlie    left,  acm^H  lineK  of  increiiisiiig 

intit  it  reaches  b — that  is,  aiitil  the  solution  is  a 

:l  iit'Uir  that,  if  niui-e  water  be  abstracted,  some  of 

thrown  out  or  coiideused,  not  an  pure  auiliiie  but 

itioii  of  wattu'  iu  aniline,  so  that  two  layers  will  now 

ill  one  haviii};  the  s^ecitSc  sohition  volume  repre- 

aiiiltne  in  the  oth»i'  having  that  repre»ent«d  at  c. 

Ill  l>  hi  I!  wilt  continue,  as  wat*'!*  is  abstracted,  until 

wat^^r  ti)  aniline  is  Just  enough  to  give  the  whole 

!citic  solution  volume  shown  at  c.     At  this  stuge 

'11  disappear,  and  only  a  satin-ated  solution  of  water 

li-ft;  and  after  that  only  a  very  smalt  volume  change 

lilt  from  further  abstraetion  of  water,  as  the  8i)ecific 

is  alreiidy  not  far  from  the  sjHMJitie  volnme  of  pure 

llie  same  tem|>erature. 

'he  ompai-iaon  of  the  two  curves,  let  me  point  out  that, 

:iiiin  Fig.;}  ealeulat^t  the  tlistributiou  of  ahohol  between 

I  s  vapor  layers  under  given  conditions,  so  can  we  t^alcu- 

-'  the  distribution  of  the  aniline  between  tlie  aniline 

.liter  layer  under  given  eonditions.     In  tbe  former  case, 

hiino  of  a  tube  containing  h  grams  of  aU^diol,  at,  say. 

and  if  J'  be  marked  off  (Fig.  'i)  between  b  and  e  on  the 

[iilierature,  then  (j;,  h,  and  e  standing  for  the  volumes 


:  rea^l  off  on  the  lioriz^mtal  biise  line)  n . 


-  is  the 


b  —  X 
.  <n:  alcoliol  ill  the  vapor  layer,  and  n  .  i—^  is  its  weight  iu 

layer,  and  the  volumes  of  the  two  layers  iu  cubic  ceutt- 

n  .b  .  %-~  **and  n  .  c  .  ,~  ^respectively,  which  arc  together 

ft  —  c  b  —  c 

I  .  X,    Just  also  with  the  aniline  and  water  mixture  (Fig.  2). 

be  tbe  total  volume  of  the  mixture  (both  layers  together) 

:ig  »  grams  of  aniline,  at,  say,  140^,  and  if  jc  be  marked  off 

;is  in  tbe  other  case,  then  n  .  .   _  ^  '8  the  weight  of  aniline  iu 

b  —  X 
.iter  layer,  and  n  .  .  _— ^  is  its  weight  in  the  aniline  layer,  and 

wital  volumes  of  the  two  layers  are  "  ■ ''  •  ^  _  „  s""!  "■*'■/,_  ; 
i>wrtively,  t^tgether  equal  »  .  x. 

'f  the  actual  weights  of  aniline  and  water  in  the  mixture  be  given, 
'•  value  of  X  can  be  calculated  with  a  very  fair  ai)])roach  to  accuracy 
jttie  method  adopted  in  plotting  the  curve;  and  thus  all  tlie  facts 
^tli  regard  to  the  ilistributiou  at  any  tem[ierature  can  be  obtained. 


bvGtIOgIc 
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>ered  that  this  case  of  aniline  and  water  is  not 
typical  of  many  cases  experimented  on  by 
remeDibered  also  that  there  exii^ts  no  direct 
to  show  that  the  law  which  governs  these  cases 
regulating  all  simple  solutions  it  must  I  think 
ta  do  somewhat  strongly  support  the  hj'pothesis 
»oint  which  I  deduced  in  the  first  instance  from 
olution.  It  may  be  summed  up  as  follows: 
of  sulutioii  which  starts  with  a  solid  and  its 
d  lias  a  solatioQ  melting  point  which  is  lower 
oiut.  Above  this  temperature  the  system  con- 
ipiids,  each  of  which  is  a  saturated  solution. 
Is  become  one  homogeneous  solution  at  a  lem- 
is  ou  the  ratio  of  the  original  ingredients 
lich  demands  a  higher  temperature  than  any 
ncal  Rolutiou  temperature,  above  which  either 
M>liible  iu  the  othei-. 
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By  Pri)t'.  William  Kam»av,  V.  R.  H, 


The  brilliant  prt^^ideiitial  atldrettu  4)f  I*n)f.  Orme  Massoii  at  the  Chem- 
ical Section  of  the  Austnilasiaii  AsHociatiou  foi'  the  Advancement  of 
i^ience  marks  a  distinct  advance  in  our  ideas  of  solution.  The  analogy 
betveen  the  behavior  of  a  ]i<|iiid  and  its  vapor  in  |>reMenf«  of  each 
other  and  of  a  pair  of  Hoivcnts  capable  of  umtoal  solution  in  so  striking 
a»  to  carry  conviction.  The  resemblance  of  the  liquid-vajwr  curve, 
rith  itH  apex  at  the  critical  point,  to  the  solubility  curve,  with  its  apex 
at  the  critical  solution  [>oint,  apjiears  to  me  to  iirove  beyond  ca\'i1  that 
the  two  phenomena  arc  essentially  of  the  ^ime  nature. 

There  are  two  other  [thenouieua,  which,  it  ai»iM;arH  to  me,  arc  made 
clear  by  the  ideas  of  Prof.  Masson,  The  first  of  these  has  reference  to 
saper-satorated  solutions.  Tlie  curves  (published  in  Nature,  February 
1^,  p.  348)  showing  the  analogy  lM>tw(!en  liquid-gas  and  solatiou  curves, 
are  isobaric  curves,  or,  more  corn^ctly,  they  represent  the  terminations 
of  isobaric  curves  in  the  region  of  nnxtures,  where,  on  the  one  hand,  a 
lifnid  exists  in  presence  of  its  vaiHtr,  and  on  the  other,  one  solvent  in 
He  presence  of  another  (for  botli  solvents  play  the  part  of  dissolved 
^nbstani-cs,  as  well  as  of  solvents).  M.  Alex^efTs  data  are  not  sufH- 
dent  to  permit  of  the  construction  of  a  curvt^  representing  a  similar 
Kfion  map[>ed  out  by  the  termination  of  isothermal  lines.  But  It  is 
obTiuus  that  it  would  he  |K>ssiblG  to  determine  osmotic  pressures  of 
rarious  mixtures  by  the  freezing-point  method,  and  so  to  construct 
isothermal  curves  for  siieli  mixtures  of  solvents.  And  there  can  be  no 
reasonable  doubt  that,  us  the  isobaric  curves  of  litpnd-gas  and  of  sol- 
TfiEt-Bolvent  display  so  (rlose  an  analogy,  the  isothermal  curves  would 
aim  closely  resemble  each  other. 

Granting  then  that  this  is  the  case,  wc  may  construct  an  imaginary 
JHthermal  cur\'e  on  the  model  of  the  curve  for  alcohol  published  in  the 
Piii.  Trans,  by  Dr.  Sydney  Young  and  myself.  Now,  in  one  series  of 
papers  on  the  liquid-gas  rehitions,  we  showed  that  with  constant  volume 
pressure  is  a  linear  fitnction  of  temperature;  and  we  were  thus  able  to 
ealvolate  approximately  the  pressures  aud  volumes  for  any  isothermal 

'Rend  beforx  tLe  Ktiyiil  Soriety  >iii  TliiinulH.v,  MRrili  Ti,  IWtl.  Fruiti  .Vafnrc,  A|>ril 
0, 1»l:  vol,  xLOi,  pp.  .5Kft,  -WO.) 

D,„,„ze.b,^X-)glc 


Ml  lilil>'llf>N»   BE'^LiZCTO   -»'LLmWt- 


I  lii^  I  mil  ihiiiiilH  lraii!>i'i>' .  :'.iiiii  \te  .smvhm  :  iiLi''  iiiiuil 
11/  >fii-/. ,■>'''<,  M>l.  Will.  >,  k-T  .  II  ^Hiul  oiiUfrMmi; 
nlitiliii,  il  <'>iiii'«riliiilii>ii  •■  ii-nr  iKOURUi.  .«sii>C'i'^  nrn- 
,il  .0  -lii.n  lUilllii  Iw  a  ;  •.•<ir  ftrat^LMT  1  »mBHT3ni«. 
.Ml.  ii  .ij.jir.ii"  III  llif  lii-lt»"^  •ii'-zn*'  ;>pw«u;li!  liiu  titen 
<i.l.  III  ilii'i>i,\  III  Iciint,  .1  i-iii.'^'ii-UH  TtniufciiHi^trfiL^'Hinflu; 
Ik'  m) riihilioii  III   nliK'k  -«-'<:!ii    tn  i  ■■mau^-iotai -rir-n 


;ili.-.-. 


r  rill 


kUii'i  miIvi'IiI  •111--  -I  iiir  -wiMmif-  TiMitr. 

vitl  iiniil  iHif  — "  'nt  iiiit-  M-rfl  j-nnvr 

niii;.li;it;iiirii    Ki^.  1    ■*  ".  rnjiki- iii?   -M-tU". 


niLlitjr  c-tmtiuiioasehaBpft>« 
liiifiiwe  "f  volnnic,  or  ee  ■»* 
1)111  .■i;iniraiv<I  solution  tt>  4i^ 

ittlUII. 

Iiii^  of  air  ci'DtiUuiD^  vatM 
I  I'fiili/.u  it  [KWtiou  of  iberttTT* 
iiiiliiii^i-i-otisiinitesa  pracciriJ 
.iiiit  \v<;  uiJiy  protitably  io'iam 
-  -citis  with  sJTeut  and  stf 


■II  ^'l■  !;■.■  .-i;-r,.  I  ,v,  I  cUiuk  tliivt  tio  reasonaWif 
n\.  li  ]>rfv..i  ...ivvHioiuli*  &»  tlie  fiinditicHifl 
lu'  li.]iii.l  L'-i-  '  ..r^  ^  ::.,.  vnliuiii;  i»  dwreascd  « 

ritlioiit  i^.i,;,, „f  ;.,..,,j,  i„  tiie9«>Ivcnt-iWl 

tratioii  i-  iii(i<M«*i  „ ,,).  .„g  .^jmration  of  the 
«  hIiowii  tliat  it  ii  ik.<*j|.|,.  i.,  ,lie»olvi;  dry  sodium 
W'liHiort  of  ji.wliiirii  ■iTil|,|,„v  m.  -a  vury  wiisider 
uriHg  «Tyntjillizati<.ii;  fiiiil  htyt  m:  hav^  h  i*jUi- 
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zatioQ  of  the  nostable  portiou  of  the  curve  A  B.  lu  tlie  gas-liqnid  curve 
pressure  falls  with  formatioii  of  si  »liowcr  of  drops;  iu  the  Rolvent-sol- 
vent  ciir\'e  crystallization  eiiHiies  and  the  solvents  separate.  Tlie 
pheDoiuenn  are  however  not  completely  analogous;  the  complete  anal- 
og}- TOTiId  be  if  the  temtierature  were  so  low  that  the  siibstunce  in  the 
Iii)uid-ga8  couple  were  to  separate  in  the  solid,  not  iu  the  liquid,  state. 
This,  so  far  as  I  am  awiire,  has  not  been  (txperimeutally  realized,  but 
one  sees  no  reason  why  it  should  not  be  possible. 

I  have  some  hesitation  in  offering  Hjteculations  as  to  the  state  of 
matter  at  the  portiou  of  the  continuous  curve  D  E.  It  may  be  that  it 
corresponds  to  a  syrupy  or  Tiscous  state.  (Jane  sugar  at  the  moderate 
temperature  disuoIveH  water;  indeed  it  is  iH>ssible  to  obtain  a  solution 
of  1  x>er  cent  of  water  in  molten  cane  sugar.  And  such  a  solution,  if 
quickly  cooled,  remains  a  syrui>.  But  it  can  be  iudui-ed  to  crystallize 
by  the  i)reseiK'e  of  crystals.  Thus,  iu  su4;h  a  mixture  of  sugar  and 
water  a  few  grains  of  crystalline  sugar  cause  the  whole  mass  to  crystal- 
lize, and  water  saturated  with  sugar,  and  sugar,  sex^irate  into  two  layere. 
Here  again  a  complete  anah»gy  fails  us,  for  it  is  a  solid  which  separates. 
As  we  know  nothing  of  the  osmotic  pressure  of  a  syrup,  the  analogy  is 
^defective  one;  but  it  is  probable  that  a  dilute  solution  of  sugar  would 
[liws  continuously  into  a  syrup  of  x>ure  sugar  by  evaporation  of  the  sol- 
vent, and  analogy  would  lead  to  the  supiwsition  that  the  syrup  coin- 
liiies  with  the  unstable  state  of  the  liquid.  I  would  therefore  ofl'er  the 
analogy  lietweeu  tlie  syruppy  and  the  su[>er-cooled  states  as  a  tentative 
oDe;  it  lacks 'foundation  in  both  cases. 

Oneimint  remains  to  be  mentioned.  1  have  for  the  past  nine  months, 
in  conjunction  with  Mr.  Kdgiir  I'erman,  Iteeii  determining  the  itdiabatic 
niations  for  liquid  and  giiseous  ether:  the  rise  of  pressure  and  tempera- 
lore  when  voliuue  is  decreased  without  the  escai>e  of  heat.  It  is  oh- 
tious  that  similar  relations  are  deteiniinablc  tbr  solutions,  and  probably 
with  much  greater  tUcility.  M.  Alexeeff  lias  made  some  measurements 
which  might  be  utilized  for  this  puriwse,  but  they  are  far  too  few  iu 
DQDiber,  and  moreover,  the  necessary  4lata  as  regards  osmotic  pressure 
are  wholly  wanting,  it  would  be  )K>ssibh>,  by  a  scrii^s  of  different  ex- 
periments, to  ascertain  the  evolution  of  heat  on  increasing  concentra- 
tion, and  so  U>  arrive  at  a  knowledge  of  the  s|H!cilic  heats  of  the  solu- 
linn  at  constiiut  osmotic  pressure,  corres|H>nding  to  the  idea  of  si>ecillc 
heats  at  constant  pi-essure;  and  also  of  spiN-iflc  heats  at  ctmstant  concen- 
iration,  corresponding  to  si>ecific  heats  at  constant  volume.  1  do  not 
know  whether  such  researches  would  yield  as  a<^curate  results  as  those 
we  are  at  present  carrying  out,  but  they  are  at  least  well  worthy  of  at- 
tention. 
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By  Prof.  William  Kamsay,  F.  R.  S. 


Almoflt  exactly  twenty  years  ago,  on  June  2,  1871,  Dr.  Andrews,  of 
Belfost,  delivered  a  lecture  to  the  membera  of  the  Koyal  Institution 
ID  this  hall,  on  "The  Continuity  of  the  GaHcous  and  the  Liquid  States 
of  Matter."  He  showed  in  that  lecture  an  exj^eriment  which  I  had  best 
dtsoribe  in  hia  own  wordH: 

"Take,  for  example,  ii  given  volume  of  carbonic  acid  at  'iO°  0.,  or  at 
a  bjgber  U-mperature,  and  expose  it  to  increasing  pressure  till  150 
atmoHpberes  Lave  been  reached.  In  the  process,  its  volume  will  st«adily 
diminish  as  the  pret^nre  augments;  and  no  sadden  diniuiiition  of 
volume,  without  the  appticatiou  of  external  pressure,  wil'  occur  at  any 
Mtage  of  it.  When  the  liill  pressure  has  been  applied,  let  the  tempera- 
tore  be  allowed  to  fall,  until  the  carbonic  acid  has  reached  the  ordinary 
temperature  of  the  atmosphere.  During  the  whole  of  this  operation, 
no  break  of  continuity  has  occurred,  it  begins  with  a  gas,  and  by  a 
Beries  of  gradual  changes,  presenting  nowhere  any  abrupt  alterations 
of  volume,  or  sudden  evolution  of  heat,  it  ends  with  a  liquid.  For  con- 
venience, the  i)roceHH  has  been  derided  into  two  stages — tbe  compress- 
ioDof  tlie  carlmnic  acid,  and  its  subsequent  cooling.  But  these  opera- 
tions might  have  been  performed  simultaneously,  if  care  were  taken  so 
(0  arrange  the  application  of  the  pressure  and  the  rate  of  cooling  that 
the  pressure  should  not  tx;  Ichh  than  7G  atmospheres  when  the  carbonic 
arid  had  cooled  to  SIOC." 

1  am  able,  throngh  the  kindness  of  Dr.  Letts,  Dr.  Andrews's  succes- 
sor at  Belfast,  to  show  you  this  ex[>erinicnt,  with  the  identical  piece  of 
apparatus  used  on  the  occasion  of  the  lecture  twenty  years  ago. 

1  mnat  ask  you  to  si>end  some  time  to-nigbt  in  considering  this 
remarkable  behavior;  and,  in  order  to  obtain  a  correi^t  idea  of  what 
occurs,  it  is  well  to  begin  with  the  study  of  gases,  not,  as  in  the  case 
yon  have  just  aeen,exp<>aeil  to  high  pressures,  but  under  pressures  not 
dififering  gretitly  from  that  of  the  atnntsphere,  and  at  temjteratures 
which  can  be  exactly  regulated  and  measured.  To  niauy  here  to-night, 
sach  a  study  is  annecessarj',  owing  to  its  familiarity;  but  I  will  ask 
anch  of  my  audience  to  excuse  me,  iu  order  that  1  may  tell  my  story 
from  the  beginning. 

'Lecture  delivered  at  the  Royal  iDHtitntion,  on  FTida,Y,Ma)'  6.  (From  yaturr, 
iidf  23, 1891;  vol.  x«v,  pp.  a7*-277.) 
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(lenerally  speiikiug,  a  gas,  wlieu  compressed,  decreases  in  volume 
to  an  amount  «({ual  to  that  by  wbieh  itn  pressure  is  raised,  provided 
its  temperature  be  kept  constant.  This  was  diMcovered  by  Robert 
Boyle  in  lUOO;  in  ICCl  be  presented  to  tbe  lioyal  Society  a  Latin  traim- 
lation  of  bis  book,  "  Toncbing  tbe  Spring  of  tbe  Ail-  and  its  Eflfcta." 
His  words  are : 

"It  18  evident,  tbat  aa  common  air.  wben  i-educed  to  half  its  natural 
extent,  obtained  a  spring  about  twiee  as  tnrcible  as  it  bad  before;  so 
tbe  air,  being  tbus  compressed,  being  furtlnT  crowded  into  half  tbin 
narrow  room,  obtained  a  spring  as  strong  again  as  tbat  it  last  bad,  and    . 
consequently  four  times  as  strong  as  that  of  common  air."  ! 

To  illustrate  this,  and  to  show  bow  such  relations  may  be  espreased 
by  a  curve,  I  will  aak  your  attentioa  to  this  model.  We  liave  a 
piston,  fitting  a  long  horizontal  glass  tube.  It  confines  air  under  tbe 
pressure  of  the  atmospliere — that  is,  some  15  [tounds  on  each  square 
inch  of  area  of  tbe  piston.  Tbe  pressure  is  gui)posed  to  be  registered 
by  tbe  height  of  the  liquid  in  tbe  vertical  tube.  On  increasini;  tbe 
volume  of  the  air,  so  as  to  double  it,  the  prc^ure  is  decreased  to  half 
its  original  amount.  On  decreasing  the  volume  to  half  its  origiual 
amount,  the  pressure  is  doubled.  On  again  halving,  tbe  pressure  \s 
again  doubled.  Tbus  you  see  a  curve  may  be  traced,  in  wbielitbe 
relation  of  volume  to  pressure  is  exhibited.  Such  a  curve,  it  may  be 
remarked  incidentally,  is  termed  an  hyperbola. 

We  can  repeat  Boyle's  exiteriment  by  pouring  mercury  into  the  open 
limb  of  this  tube  contaniing  a  measured  amount  of  air;  on  caasiuj; 
tbe  level  of  tbe  mercury  in  tlie  open  limb  to  stand  30  inches  (that  is, 
the  height  of  the  banmietcr)  higlier  in  tlic  open  limb  than  the  ctosvtl 
limb,  the  prcssuix;  ot  tlie  atmosphere  is  doubled,  and  the  vohime  is 
halved.  And  on  trebling  the  pressure  of  the  atmosphere  the  volniw 
is  reduced  to  one-thini  of  its  original  amount;  and  on  ailding  anothfr 
30  inches  of  mercury,  the  volume  of  tlie  air  is  now  oue-tiuarter  of  lliat 
which  it  originally  occupied. 

It  must  be  remembered  that  here  the  temperature  is  kept  constant; 
that  it  is  the  temperature  of  the  sunxmndirig  atmosphere. 

Let  us  next  examine  the  behavior  of  a  gas  when  its  tem|ieratiire  is 
altered,  when  it  becomes  hotter.  This  tube  contiiins  a  gas — air— con- 
fined at  atmospbciic  pressure  by  mercury,  in  a  tube  surrounded  by  u 
jacket  or  mantle  of  glass,  and  the  vapor  of  boiling  water  i;an  be  blown 
into  the  spacebetween  themanth;  and  the  tube  eoutahtiiig  the  air,  f^h'' 
to  beat  the  tube  to  100°  C,  tbe  tenipcniture  of  the  steam.  The  teiniHira 
ture  of  the  room  is  17°  C'.,and  tbe  gas  occnpies  290  divisions  of  tbe  .scile. 
On  blowing  in  steam,  the  gas  expands,  and  on  af^in  equalizing  prc'*- 
sure,  it  stands  at  373  divisions  of  the  Bcal&  The  gas  has  tbus  exjMiideil 
from  2fK)  to  373  divisions,  i.  c,  its  volume  ha«  increased  by  83  divisinus; 
and  the  tem]»erature  Inis  risen  from  17^^  to  100°,  i.  c,  through  83^C. 
This  law  of  the  expansion  of  gases  was  discovered  almost  simultane- 
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onsly  by  Dalton  and  (>ay-LuB8ac  in  18U1;  it  uisiially  goes  by  tbe  iiame 
of  Gay-Lnssac's  law.  Now,  if  we  do  not  allow  tlie  volume  of  the  gas  to 
iDcrease,  wd  shall  find  that  the  presBure  will  increase  in  the  same  pro- 
portion that  the  volume  would  have  increased  had  the  gas  been  allowed 
to  expand,  tbe  presaare  baring  been  kept  constant.  To  decrease  tbe 
volDineof  tbe  gas,  then,  according  to  Boyle's  law.  will  require  a  higher 
initial  preasure;  and  if  we  were  to  represent  the  results  by  a  curve, 
ve  should  get  an  hyperbola,  as  before,  but  one  lying  higher  as  regards 
pressoies.  And  so  we  should  get  a  set  of  byj^^fbolaH  for  higher  aud 
higher  temperatures. 

We  have  experimeuted  ap  to  the  present  with  air — a  mixture  of  two 
gBsea,  oxygen  and  nitrogen ;  aud  the  boiling  points  of  both  of  these  ele- 
ueotfi  lie  at  very  low  temperatures:  —184^0.  and  —IrtS^.l  C,  respect- 
ively. The  ordinary  atmospheric  temperature  lies  a  long  way  above  the 
boiliDg  points  of  liquid  oxygen  and  liquid  nitrogen  at  the  ordinary  at- 
mospheric pressure.  But  it  is  open  to  us  to  study  a  gas,  which,  at  the 
ordinary  atmospheric  temperature  and  pressure,  exists  in  the  liquid 
state;  and  for  this  pnr|)08e  I  shall  choose  water  gas.  In  onler  that  it 
may  be  a  gas  at  ordinary  atmospheric  press>ire,  however,  we  must  heat 
it  to  a  temperature  above  100°  C,  its  boiling  point.  This  tulte  contaius 
water  gas  at  a  temperature  of  I0r»°  C;  it  is  under  ordinary  pressure, 
for  the  mercury  columns  are  at  the  same  level  in  both  the  tubes  and 
ill  this  reservoir,  which  communicates  with  tbe  lower  enil  of  the  tube 
by  means  of  the  india-nibher  tubing.  Tlie  temperature  105°  is  main- 
tained by  the  vajior  of  cblonr-benzene,  boiling  in  the  bulb  sealed  to  the 
jacket,  at  a  pressure  lower  than  that  of  the  atmosphere. 

Let  us  now  examine  the  effect  of  increasing  presaaro.  On  raiding 
fte  reservoir  the  volume  of  the  gas  is  diminished,  as  usual,  and  nearly 
in  the  ratio  given  by  Boyle's  law;  that  is,  tbe  volume  decreases  in  the 
BBoie  proportion  as  the  pressure  increases.  But  a  change  is  soon  ob< 
Berved;  tbe  pressure  soon  ceases  to  rise;  the  distance  lietween  the 
mercury  in  the  reservoir  and  that  in  the  tube  remains  constant,  and 
the  gas  is  now  condensing  to  liquid.  The  pressure  continues  constant 
during  this  change,  and  it  is  only  when  all  tbe  water  gas  has  condensed  to 
liqnidwater  that  tbe  pressure  again  rises.  After  all  tbe  gas  is  condensed 
an  enormous  increase  of  pressure  is  necessary  to  cause  any  measurable 
decrease  in  volume,  for  liquid  water  scarcely  yields  to  pressure,  and  in 
snch  a  tube  as  this  no  measurementa  could  be  attempted  with  success- 

Bepreeenting  this  diagrammatically,  the  right-hand  part  of  the  curve 
represents  the  compression  of  the  gas,  and  tbe  carve  is,  as  before, 
nearly  a  hyperbola.  Then  comes  a  break,  and  great  decrease  in 
volume  occurs  without  rise  of  pressure,  represented  by  a  horizontal 
hue;  the  substance  in  the  tube  here  consists  of  water  gas  in  presence 
of  water;  the  vertical,  or  nearly  vertical  line  represents  the  sudden 
and  great  rise  of  preasnre,  where  liquid  water  is  l>eing  slightly  com- 
pressed. Tbe  pressure  registered  by  the  horizontal  line  is  termed  the 
H.  Mis.  114 ^20  Dcr:scb>CitX>i^lc 
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'•\T(l»rj>n&x8Ui'e"  uf  water.  If  now  the  temperature  were  raised  to 
IIO'C,  \vi>  nlioald  have  a  greater  initial  vnlunie  for  the  water  gas;  itU 
«>Hi»|»rt'»sible  by  rise  of  tho  mercury  aw  before,  the  relation  of  pressure 
(o  viiliiuic  being,  as  before,  represeute^  on  tbe  dia^am  as  an  appioii- 
niHlo  hyperbola;  and  as  before,  coudensation  occurs  when  voluiue  Ih 
iiufflc-leiiMy  rednt-ed,  but  this  time  at  a  higher  pressure.  Wu  have 
nfiniu  B  lioriKOiitat  portion,  representing  the  pressure  uf  water  gax  at 
110'''  (',  iu  contiM't  with  liquid  water;  again,  a  sharp  angle  where  all 
HiutimuH  water  Is  eondeuaed,  and  again  a  very  steep  curve,  almost  a 
RtTalgltt  line,  representing  the  slight  decrease  of  volume  of  water  iffo- 
(lum-d  by  »  trreiU  increase  of  pressure.  And  we  should  have  similar 
lines  for  1L1P,  130=',  1400, 150<=  C,  and  for  all  temperatores  within  certain 
It  mitt*.  Sui^k  lines  tuti  cnlled  isothermal  lines,  or  shortly  "isothermal^,'' 
w  lin**(»  of  tH|»al  temperature,  and  represent  the  relations  of  pressure 
t4i  voUnne  for  dlAVrent  temperatures. 

hr,  .Viulrews  made  similar  measurements  of  the  relations  between 
\\w  piv!u>urtvt  an*!  \-i>lumes  of  carbon  dioside,  at  pressures  much  bigber 
I'hiui  lUoHo  I  have  shown  yon  for  water.  But  I  prefer  to  speak  to  yoa 
itlmitl  '•tuiilwr  it>sulta  obtained  by  Prof.  Sydney  Yonng  and  myself  witb 
ii||h'l'i  iHH'aiiHe  l>r,  Andrews  was  uuable  to  work  with  carbon  dioiide 
\\n*  U'^'Hi  air,  tMid  that  influenced  his  results.  For  example,  yon  see 
t\i»\  tU(v  intH'tingimintsof  his  hyperbolic  curves  with  the  straight  lines 
id'  vit)ior  pressures  are  curves,  and  not  angles;  that  is  caused  by  tbe 
)lltlBtl|||'l^  of  abtmt  1  part  of  air  in  500  parts  of  carbon  dioxide;  alsuthe 
tMiniloiiHiiMon  of  giis  was  not  perfect,  for  he  obtained  curves  at  the 
|iiiiiiU  of  change  from  a  mixture  uf  liquid  and  gas  to  liqnid.  Wv 
jitmovcr  were  more  easily  able  to  fill  a  tube  with  ether  free  fnim  air. 
Hill)  you  will  notice  that  tbe  points  I  have  referred  to  are  augles.  not 

liilfVi't. 

\.tt\  (lie  first  direct  your  attention  to  the  shapes  of  the  curves  in  tite 
llliigriiin.  As  the  temperature  rises  the  vapor-pressure  lines  lie  at 
ItiyliMr  and  higher  pressures,  and  the  lines  themselves  become  shorter 
mill  Mliorter,  And  finally,  at  the  temperature  of  31°  C,  for  carbon  4i- 
tuidtt,  liud  at  IftS^  C.  for  ether,  there  ceases  to  be  a  horizontal  iHirtion 
at'  all)  or  rather  the  curve  touches  the  horizontal  at  one  point  in  its 
UDiiiie.  That  point  corresponds  to  a  definite  temperature,  1^°  ('•  for 
mhcr;  to  a  <lofiuite  pressure,  27  meters  of  mercury,  or  35.6  atmos- 
plittri-u;  and  to  a  definite  volume,  4.00  cubic  centimeters  per  gramo( 
iijliei',  At  that  point  the  ether  is  not  liquid,  and  it  is  not  gas;  it  is  a 
lliiiiuttfnnuo'ufl  substance.  At  that  temperature  ether  has  the  appear 
aiirn  ut  a  blue  mist;  the  strim  mentioned  by  Dr.  Andrews  and  by 
oLlinr  iilinervers  are  the  result  of  unequal  heating,  one  portion  of  tlie 
itiihHhiiii'n  bi'ing  liquid  and  another  gas.  You  see  the  appearance  of 
lliis  nliil^>  on  the  screen. 

When  a  gas  Is  <'<imprcsstiil  it  is  heated.  Work  is  done  on  tbe  gas. 
ami  its  teui|><<ralnru  riaes.     If  I  compress  the  air  in  this  syringe  ford- 


bvGtIOgIc 


UQUIDS  AND  OASES.  307 

b\y  its  t«iiii>er»ture  lisuH  mi  high  that  I  cau  set  a  piece  of  tinder  on 
fire  and  by  its  helj)  osplode  a  little  gunpowder.  If  the  ether  at  its 
critical  point  be  eomprenaed  by  screwing  in  the  screw,  it  is  aomewhat 
vanned  and  the  blue  clond  disappeara.  Gmiveruely,  if  it  is  expanded 
a  little  by  unscrewing  the  screw  and  increafing  its  Toluine,  it  is  cooled 
and  a  dense  mist  is  seen,  au-ompanivd  by  a  shower  of  ether  ruin- 
This  is  seen  as  a  bliutk  fog  on  the  Bvreen. 

1  wish  also  to  direct  your  attention  to  what  happens  if  the  volume 
given  to  the  etJicr  is  greater  than  the  critical  volume— on  increasing 
tbe  volume  you  see  that  it  boils  away  and  eva)>onttes  completely ;  and 
also  what  happens  if  the  volume  be  somewhat  less  ttian  the  critical 
volume — it  then  expands  sm  liquid  and  completely  tUis  the  tube.  It  is 
only  at  the  critical  volume  and  temperature  that  the  ether  exists  in  the 
state  of  bttie  cloud,  and  lias  its  critical  pressure.  If  the  volume  be 
too  great,  the  pressure  is  below  the  critical  pressure;  if  too  small,  the 
pressure  is  higher  than  the  critical  pressure. 

Still  one  more  point  before  we  dismiss  this  exiieriment.  At  a  tem- 
perature some  degrees  below  the  criti<ral  temperature,  the  meniscns, 
i.  r.,  the  surface  of  the  liquid,  is  curved.  It  has  a  skin  on  its  surface; 
its  molecules,  as  Lord  Baylcigli  has  re<^ently  explained  in  this  room, 
attract  one  another,  and  it  exhibits  surface  tension,  liaise  the  tem- 
perature and  the  meniscus  grows  Hatter;  raise  it  farther,  and  it  is 
Dearly  Hat  and  almost  invisible;  at  the  critical  temperature  it  disap- 
pears, having  first  become  quite  Hat.  Surfaite  tension  there(()re  dis- 
appears at  the  critical  point.  A  ]i([uid  would  no  longer  rise  in  a  nar- 
Tow capillary  tube ;  it  would  stand  at  the  same  level  outside  and  inside. 

It  was  suggested  by  I'rof.  James  Thomson,  and  by  Prof.  Clansius 
ibont  the  same  time,  that  if  the  ideal  state  of  things  were  to  exist,  the 
pwaage  from  the  liquid  to  tlie  gaseous  Btat<^  should  be  a  cootiuuoas 
one,  not  merely  at  and  above  the  critical  i>oint,  but  below  that  temper- 
atnre.  And  it  was  suggested  that  the  curves,  shown  in  the  figure,  in- 
stead of  breaking  into  the  straight  line  of  vajior  pressure,  sboold  con- 
tinae  sinttously.     I^t  us  see  what  this  conception  would  involve. 

On  decreasing  the  volume  of  a  gas,  it  should  not  liquefy  at  the  point 
marked  B  ou  the  diagram  (Fig.  2),  but  should  still  decrease  in  volume 
on  increase  of  pressure.  This  decrease  should  conthnie  until  the  point 
ii  is  reached.  The  anomahius  state  of  matters  should  then  occur,  that  a 
decrease  in  volume  should  be  accompanied  by  a  decrease  of  pressure. 
In  order  to  lessen  volume,  the  gas  must  be  exi>osed  to  a  continually  di- 
minishing i>re8sure.  But  such  a  condition  of  matter  is  of  its  nature 
oustable,  and  has  never  been  realized.  After  volume  has  been  de- 
creased to  a  certain  imint,  F.  decrease  of  voliune  is  again  attended  by 
iticrease  of  pressure,  and  the  last  part  of  the  curve  is  continuous  with 
the  realizable  curve  representing  the  comjircssiou  of  the  liquid,  above  D. 

Dr.  (Sydney  Touug  and  I   succeeded,  by  a  method  which  I  shall 
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briefly  describe,  in  mapping  the  actual  position  of  ttie  unrealizable  por- 
tioiisiif  tlic  cuivt'.  They  bavo  the  form  pictured  in  this  Agnre.  The  rise 
fromthe^seous  state  is  a  gradual  one^bnt  the  fall  from  the  liquid  state 
in  abrupt. 


Consider  the  volume  14  cubic  centimeters  per  gram  on  the  flgnre. 
The  equi-volume  vertical  line  cuts  the  isothermal  lines  for  the  temper- 
atures 1750, 180°,  185°,  190°,  and  so  on,  at  certain  definite  pressures, 
which  may  be  read  from  a  properly-consti-nctcd  diagram.  We  can  map 
the  conrse  of  lines  of  equal  volume,  of  which  the  instance  given  is  one, 
using  temperatures  as  ordinates  and  pressures  as  abscisste.  We  cau 
thus  find  the  relations  of  temperature  to  presaiii-e  for  certain  definite 
volumoH,  which  we  may  select  to  suit  our  convenience — say  2  c.c.  p«r 
gritm;  •'{,  4,  5,  G,  and  so  on.  Now,  all  such  lines  are  straight — thnt  is, 
the  relation  of  pressure  to  temiierature,  at  constant  volume,  is  one  of  the 
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simplest;  pressure  is  a  linear  function  of  tomiieruture.  Kxprettsed 
DiathematicaUj' — 

p=bt—a, 

vhere  b  and  a  arc  constants,  depending  on  tlio  volume  chosen,  and 
Tar}'ing  witb  eaitii  volume.  But  a  straight  lino  may  be  extrapolated 
without  vrror;  and  so,  liaviii;^  found  value.>^  for  a  and  6  for  such  a 
volume  as  t>  c.c.  per  gram,  by  help  of  experiments  at  temperatures 
higher  than  105°,  it  is  i>ossible  by  extrapolation  to  obtain  the  pressures 
wrresponding  to  temperatures  below  the  critical  point  195°  by  simple 
means.  But  Iwlow  that  temiterature  the  substance  at  volume  6  is  in 
practice  partly  li<iaid  and  partly  gas.  Yet  it  is  possible  by  such  means 
to  a.scertain  the  relations  of  pressure  to  temiwratnre  for  the  unrealiz- 
aJileportioH  of  the  stiite  of  a  liquid — that  is,  we  can  dedac«the  presstire 
and  temperature  corresponding  to  a  coutiuous  change  from  liquid  to 
lax.  And  in  this  manner  the  sinuous  lines  on  the  figure  have  been 
cDQHtmcted. 

It  is  possible  to  realize  experimentally  certain  [Jortions  of  audi  cou- 
tinnouB  curves.  If  we  condense  all  gaseous  ether  and,  wht;n  the  tube 
bi  completely  filled  with  litjuid,  carefully  reduce  pressure,  the  preasnre 
may  be  lowered  considerably  below  the  vapor  pressure  corresi»ouding 
to  the  temperature  of  ebullition,  without  any  change  further  than  the 
slight  expansion  of  the  li<[ui(t  resulting  from  the  reduction  of  pres- 
sure— an  expansion  too  small  to  be  seen  with  this  apparatus.  But  on 
8tin  further  reducing  pressure,  sudden  ebullitiou  occurs,  aud  a  imrtion 
of  the  liquid  suddenly  changes  into  gas,  while  the  pressure  rises 
Unitkly  to  the  vapor  pressure  corresponding  to  the  temperature.  If  we 
lie  Huccessful  in  expelling  all  air  or  gas  from  the  ether  in  filling  the 
tobe,  aconsiderable  i>ortion  of  this  curve  can  be  es])erimeutally  realized. 

The  first  notice  of  this  appearance,  or  rather  of  one  owing  its  exist- 
flti.-eto  a  precisely  similar  cause,  is  due  to  Ilooke,  the  celebrated  con- 
temporary  of  Boyle.  It  is  noted  in  the  account  of  the  Proceeaingx  of 
He  Royal  Society  on  November  6,  1()72,  that  "Mr.  Hooke  read  a  dis- 
course of  his,  containing  his  thoughts  of  the  experiment  of  the  (inick- 
ailver's  standing  top  fiill,  and  far  above  the  height  of  29  inches,  to- 
gether with  some  exiwriments  made  by  him,  in  ordor  to  determine  the 
eanse  of  this  strange  phenomenon.  He  waflordei'ed  to  prepare  those 
experiments  for  the  riew  of  the  Society."  And  on  November  13  "the 
experiment  for  the  high  snsjH?iiHinn  of  quicksilver  being  called  for,  it 
van  found  that  it  hiid  failed.  It  was  ortlered  that  thicker  glasses 
Hbonld  be  provided  for  the  next  meeting." 

There  can  be  no  doubt  that  this  behavior  is  caused  by  the  stttrae- 
tioii  of  the  molecules  of  the  liquid  tor  each  other.  And  if  the  tempera- 
ture he  sufficiently  low,  the  pressure  may  be  so  reduced  that  it  becomes 
Dative — that  is,  until  the  liquid  is  exposed  to  a  strain  or  pull,  as  is 
the  mercury.  This  has  been  experimentally  realized  by  M.  Bertbelot 
uid  by  Ur.  Worthington,  the  latter  of  whom  has  succeeded  in  strain- 
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iDR  alcohol  at  the  ordinary  temperature  with  a  pull  equivaleot  to  a 
nejiRitive  pressure  wt'25  atmospheres,  by  completely  fllliu^  a  bull*  with 
alcohol,  aud  then  cooliug  it.  The  alcohol  in  contracting  straius  the 
bulb  iuwai-df :  and  tiually,  when  the  tetiBiou  becomes  very  great,  parts 
t'runi  the  glass  with  a  sharp  "  click. " 

Ti>  realize  a  portiou  of  the  other  bend  of  the  curve,  an  experiment  bao 
bet-u  devised  by  Mr.  John  Aitken.  It  is  aa  follows:  If  ah— that  is 
space,  for  the  air  plays  a  secoudary  part — saturated  with  moisture  be 
cooled,  the  moisture  will  not  <ieposit  unless  there  are  dust  particles  od 
which  condensation  can  take  place.  It  is  not  at  first  evident  how  lliis 
eorw»t[K»ti(is  to  the  compressing  of  a  gas  without  condensation.  But  a 
glituce  at  the  tljnire  will  render  the  matter  plain.  Consider  the  isother- 
mal 1  >  ^  '  C'.  for  ether  at  the  [>oint  marked  A.  If  it  were  possible  to  lower 
the  tt'unwi'ature  t«  ICOo  C.  without  condensation,  keeping  volume  con- 
Htaiit,  the  pressure  would  fall,  and  the  gas  wonld  then  be  in  the  state 
n-pixwieiiUHl  on  the  isothemiiU  line  ItMP  at  G, — that  is,  it  wonld  be  Id 
th4t  Mame  euaditiou  a:;'  if  it  ba<l  b<'en  couipresse^l  without  coudenaatioD. 

Vou  saw  that  a  ;fas,  or  a  liquid,  is  heated  by  compression ;  a  piece  of 
tlndoi'  witN  set  ou  tire  by  the  heat  evolved  on  eompressiui;  air.  Yoa 
*taw  that  t-oudeusation  of  ether  was  brought  about  by  diminution  (i( 
pri^nMUie  that  is,  it  was  cooled.  Now,  if  air  be  suddenly  expanded 
It  will  do  work  against  atmospheric  pressui-e  and  will  cool  itself.  Tbis 
ttlolH^  i^inlitiiis  air;  >>nt  the  air  has  been  filtered  Ciiretiilly  through  cot- 
Ion  wtHil,  with  the  object  of  excluding  dost  particles.  It  is  saturated 
uilb  moisiui-e.  On  taking  a  stroke  of  the  pump,  so  as  to  exhaust  tlie 
uir  111  tlie  ;:U>Ih'.  uo  change  is  evident;  no  condensation  has  occmred, 
iilllionuli  tlu>  air  has  been  so  cooled  that  the  moisture  should  condense 
wt>i<-  il  possible.  Ou  repeating  the  operation  with  the  same  globe, 
ultt'i  atlmitting  dusty  air — ordinary  air  from  this  room — a  slight  fog 
i«  p<'<>iIu(xhI,  and,  owing  to  the  light  behind,  a  circular  rainbow  is 
wit'ii;  a  Niight  shower  of  rain  has  taken  place.  There  are  compara-  i 
lively  h'W  dust  particles,  because  only  a  little  dusty  air  has  been  ad-  | 
tiiiUiMl.  On  again  repeating  the  fog  is  denser;  there  are  more  par.  ' 
lli'h")  on  which  moistare  may  condense. 

^  Uw  |H>liit  more  aud  I  have  done.  Work  is  measured  by  the  distance 
HI  ItKlulil'  llirongh  which  a  weight  can  be  raised  against  the  forceof 
Hi.nltv.  'I'Im'  llritish  unit  of  work  is  a  foot-pound — that  is,  a  ponnd 
|.ir'<iid  llniiiiuli  1  loot;  that  of  the  metric  system  is  1  gram  niiK««) 
KiniiUfb  I  t'i'tiliincler.  If  a  pound  be  raised  through  2  feet  twice  as 
loMi  II  iioih  In  done  iiM  that  of  raising  a  pound  through  1  foot,  and  m 

„ nil  t>i|tiiil  lo  (hat  of  raising  2  pounds  through  1  foot.    Thcnieastire 

nl    niott  In  tlioi't'lbie  tht-  weight  multiplied  by  the  distance  tliroiitrli 

wlilili  It  In  i.ilni'd.     \\  ticn  a  gas  expands  against  pressure  it  does  work. 

(Ill'  i"tn  iititv  !>•'  nnppom-d  to  l>e  conflneil  in  a  vertical  tube  and  to  pro- 

|il-i|iMi  upwind  iiKiiinst  the  pressure  of  the  atmospbeie.    If  suck 

liitu  II  Biictlfiital  Hi'iMi  of  1  square  centimeter,  the  gas  in  eiipaiid- 
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ittg  A  centimeter  up  the  tube  lifts  »  weigh  t  of  nearly  1,000  grains  tbroagh 
1  ceotimeter,  for  the  pressure  of  the  atiiinsti>bere  on  a  square  ceuti- 
meter  of  sarface  is  nearly  1,000  gratds — that  is,  it  does  1,000  nuits  of 
wort,  or  ergs.  So  the  work  done  by  a  gaa  iu  expanding  is  niensured 
by  the  change  of  volume  multiplied  by  the  pressure.  On  the  ligure,  the 
change  of  volume  ia  measured  horizontally,  the  change  of  pressure  ver- 
tically, Hen(«  the  work  done  is  equivalent  to  the  area  A  S  € Pon 
the  figure. 

If  liquid  as  it  exists  at  A  change  to  gas  as  it  exists  at  B,  the  sub- 
stance changeH  its  volume  and  may  be  made  to  do  work.  This  is 
familiar  ia  the  steam  engine,  where  work  is  done  by  water  esi>aiiding 
to  steam  and  so  increasing  its  volume.  The  pressure  does  not  alter 
dnring  this  change  of  Toiame  if  sufficient  heat  be  supplied;  hence  the 
irork  done  daring  sneli  a  change  is  given  by  the  rectangular  area. 

Suppose  that  a  man  is  conveying  a  trunk  up  to  the  first  story  of  a 
lioQse;  he  may  do  it  in  two  (or,  perhaps,  agreater  number  of)  ways.  lie 
may  put  a  hulder  up  to  the  drawing-room  window,  shoulder  his*truQk, 
aud  de[>o3it  it  directly  on  the  tlrst  floor;  or  be  may  go  down  the  area 
stairs,  pass  through  the  kitchen,  up  the  kitchen  stairs,  up  the  first 
Sight,  np  the  second  flight,  and  down  again  to  the  first  story.  The  end 
result  is  the  same;  and  lie  does  the  same  amount  of  work  in  both  cases 
w  far  as  conveying  the  weight  to  a  given  height  is  concerned,  because 
in  going  down  stairs  he  has  actually  allowed  work  to  be  done  on  him 
bf  the  descent  of  the  weight. 

Now,  the  liquid  in  expanding  to  gas  begins  at  a  definite  volume;  it 
evaporates  gradually  to  gas  without  altering  pressure,  heat  being,  of 
cnorse,  communicated  to  it  during  the  change,  else  it  would  cool  itself; 
Md  it  finally  ends  as  gits.  It  increases  its  volume  by  adefinite  ninomit 
at  a  definite  pressure,  and  so  does  a  definite  amount  of  work.  This 
work  might  be  utilized  in  driving  an  engine. 

But  if  it  x>ass  continuously  fmm  liqnid  to  gas,  the  starting  point  and 
tlie  end  i>oint  are  both  the  same  as  before.  An  equal  amount  of  work 
liaM  been  done :  but  it  has  been  done  by  going  down  the  area  stair  (as 
it  were),  and  over  the  round  I  described  before. 

It  is  clear  that  a  less  amount  of  Avork  has  been  done  on  the  left-hand 
«iile  of  the  figure  than  was  done  before,  and  a  greater  amount  on  the 
right-hand  side;  and  if  I  have  made  my  meaning  clear  yon  will  see 
tliat  as  umch  less  has  been  done  on  tlie  one  side  as  more  has  been 
tione  on  the  other — that  is,  that  tlui  area  of  the  figure  B  J^  ff  must  be 
equal  to  that  of  the  figure  A  F  H.  l>r.  Young  an<l  I  have  tried  this 
F^perimentally — that  is,  by  measuring  the  calculated  areas — and  we 
found  them  to  be  equal. 

Thiscan  be  shown  to  you  easily  by  a  simple  device,  namely,  taking 
tliemoutand  weighing  them.  As  this  diagram  is  an  exact  represen- 
tation of  the  resnits  of  our  experiments  with  ether  the  device  can  be 
pat  in  practice.    We  can  detach  these  areas,  which  are  cut  out  in  tin, 
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and  plact*  one  ia  etM.'h  of  this  jtair  of  scales  aiid  they  balaare.  The 
tiuit  tbaC  a  number  <>t'ar«tt»  tliUM  measurtMl  gave  the  tbeoretit^  results 
uf  ibwlf  fontiaheo  -.^  strong  sopport  (rf' the  justice  of  the  conclosioDs  ire 
(Irew  a»  re^nuttet  rhe  fotras  of  these  corves. 

To  attempt  to  exploiu  tlu  mMona  of  this  behavior  would  tjike  more 
time  thau  tran  be  ^veu  to-night:  moreover,  to  tell  the  tniUi,  we  do  not 
kuuw  ttMMu.  Bat  we  have  ;tt  least  piu-tial  knowledge  and  we  ma; 
lii>l>e  that  itivec^igatiouM  at  present  beiag  carried  out  by  Profl  Tait 
iiut>  :;iN  ti  us  a  eleiu-  idea  »i  the  natitre  of  the  matter  and  of  the  forces 
whiili  itct  t>u  it.  .uni  iritik  wiiicfa  it  acts,  daring  the  conttnaoDB  change 
I'ruiu  ,^u»  to  liquid. 
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PRESENT  PROBLEMS  IN  EVOLUTION  AND  HEBEDITY.- 


By  Henby  Fairfield  Osboen. 


In  the  past  decade  of  practical  research  and  speculatioD  iii  biology, 
two  eabjects  have  onatripped  in  iuterest  aod  importauce  the  rapid  prog- 
ress all  along  the  line.  These  are,  first,  the  life  history  of  the  repro- 
dnctive  cell  fh>m  its  infancy  in  tbe  ovum  onward,  and  second,  the 
asBociated  problem  of  heredity,  which  passes  insensibly  from  the  field 
of  direct  observation  into  the  re^ou  of  pure  speculation. 

As  regards  the  cell  it  was  generally  believed  that  the  nacleas  was  an 
arcannm  into  the  mysteries  of  which  we  could  not  far  penetrate;  bnt 
ttuH  belief  bas  long  been  dispelled  by  the  eager  specialist,  and  it  is  no 
exaggeration  to  say  that  we  now  know  more  about  tbe  meaning  of  the 
nncleus  than  we  did  about  the  entire  cell  a  few  years  ago.  At  that 
time  tlie  current  solution  of  the  heredity  problem  was  a  purely  formal 
one;  it  came  to  the  main  barrier,  namely,  the  relation  of  heredity  and 
evolation  to  the  reproductive  cells,  and  leapt  over  it  by  the  postnlate 
of  Pangenesis.  The  germ-cell  studies  of  Balfour,  Van  Benedeu,  the 
Hertwig  brothers,  Weismann,  Boveri,  and  others,  have  gradually  led 
us  to  hope  that  we  shall  some  day  trace  the  connei'tion  between  the 
intricate  metamorphoses  in  these  cells  and  the  external  phenomena  of 
heredity,  and  more  than  this,  to  realize  that  tbe  heredity  theory  of  tbe 
fiitare  most  rest  upon  a  far  more  exact  knowledge  than  we  enjoy  at 
present  of  the  history  of  the  reproductive  cell  both  in  itself  and  in  the 
influence  which  the  sarronnding  body  cells  have  upon  it. 

These  advances  affect  the  problem  of  life  and  protoplasm,  whether 
studied  by  the  physician,  the  anthropotogiNt,  or  the  zoologist,  thus  con- 
centrating into  one  focus  opinions  which  have  been  formed  by  the 
observation  of  widely  difierent  classes  of  facts.  As  each  class  of  facts 
bears  to  the  observer  a  different  aspect  and  give^  him  a  personal  bias, 
the  discosson  is  by  no  means  irenical,  and  it  is  our  privilege  to  live 
throogb  one  of  those  heated  periods  which  mark  the  course  of  every 
leToluUou  in  the  world  of  ideas.    Such  a  crisis  was  brought  about  by 

*  The  Cartwright  Lectares  for  1892;  delivered  before  Alumni  of  the  College  of 
Pbyaicius  and  SuTgeona,  Fcbrnary  12,  19.  niid  26,  1892.  (I'^rom  the  Malical  Reeor4 
for  Febniary  20,  Uuch  5,  April  23,  and  Mav  14,  1892.) 
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kmnble  rdle  in  our  economy  we  can  prove  beyond  a  doubt  that  tliey  are 
Id  coarse  of  eTolution.  Minor  variations  in  foot  structure,  which  are 
possibly  of  vital  importance  to  »  qaadmped  whoBe  very  existence  may 
depend  npon  speed,  sink  into  obscurity  as  factors  in  the  snrrival  of 
(he  modem  American. 

Tlie  evolution  of  man  in  the  mOHt  unimportant  details  of  his  structure 
promises,  therefore,  to  afford  a  far  more  crucial  t«st  of  the  Lamarckian 
rt.  the  pure  natnral  selection  theory,  than  in  the  domain  of  his  higher 
fiiculties,  for  the  reason  that  selection  may  operate  apon  variations  in 
miad,  wliile  it  taxes  onr  credulity  to  believe  it  can  operate  upon  varia- 
tions in  muscle  and  boat;.  This  in  my  gronnd  for  selecting  the  skele- 
ton and  mnsclBH  for  the  subject  of  the  introductory  lecture.  Never- 
[iielesM,  let  us  review  variation  in  all  its  forms  in  human  anatomy  be- 
fnre  forming  an  opinion.  Let  us  remember,  too,  that  congenital  and 
aciinired  variations  are  universal  as  necessities  of  birth  and  life;  they 
art*  exhibited  in  the  body  as  a  whole — in  its  proportions,  in  the  »)m)K>- 
Dents  of  each  limb,  finally  in  the  separate  parts  of  eat^h  component,  as 
in  the  divisions  of  a  complex  muscle.  Thus  the  possibilities  of  trans- 
fbnnism  are  everywhere.  What  is  the  nature  and  origin  of  congenital 
variatioiist  Tlieir  causesf  Do  they  follow  certain  dire(;tionst  Do 
they  spring  from  acquired  variations  by  heredity  t  These  are  some 
oftbe  questions  which  are  stilt  unsettle<l. 

Bnt  striking  as  are  the  anomalies  from  type,  the  repetitions  of  type 
asexbibited  in  atavism  and  normal  inheritance  are  still  more  so,  and 
eqaally  dilflcolt  ti>  explain.  Therefore  our  theory  must  provide  both 
for  the  observed  laws  of  repetition  of  ancestral  form  and  the  laws  of 
luiation  from  ancestral  form,  as  the  pasture-laud  of  evolution.  Add 
tnthese,  that  for  a  period  in  e:u^h  generation  this  entire  legislation  of 
nature  is  compressed  into  the  tiny  nucleus  of  the  fertilized  ovum, 
aoil  the  whole  problem  rises  before  us  in  its  apparent  impregnability 
"hicb  only  intensifies  onr  ardor  of  research. 

LECTITRE  I. — THE  OOJiTEMPORABY  EVOLUTION  OP  MAN. 

The  anthropologists  and  anatomists  have  enjoyed  a  certain  monopoly 
of  Homo  sapictts,  while  the  biologists  have  directed  their  energies 
mainly  upon  the  lower  creation.  But  under  the  inspiring  influences  of 
tbe  Darwinian  theory  these  originally  distinct  branches  have  con- 
verged, and  as  man  takes  his  place  in  the  zoological  system,  eonipar- 
itive  anatomy  is  recognized  as  thn  infallible  key  to  human  anatomy. 

For  our  present  purpose  we  must  suppress  our  sentiment  at  tbe  ont- 
wt  and  state  plainly  that  tiie  only  interpretation  of  our  iMidily  struc- 
ture lies  in  the  theory  of  our  descent  from  some  early  member  of  the 
primates,  such  as  may  have  given  rise  also  to  the  living  Authropoidea. 
This  is  also  the  only  tenable  teleological  view,  for  many  of  our  inher- 
ited organs  are  at  present  non-puri)ORive,  in  some  cases  even  harmful, — 
U  the  appendix  vermiformis.  ,  •         i 
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veotwervB  the  fayportropby  of  adaptive  organs  and  atrophy  of  ioadap- 
dve  or  oseless  organs.  This  compensating  re-adjastuiont,  whereby  tbe 
sum  of  notritioii  to  any  region  remains  tbe  same  during  re-distribution 
toitspjtrts,  may  be  called  metatrophism.  It  is  the  "gerrymander"prin- 
ciplf  in  nature. 

In  jiraotical  investigation  it  is  very  difflcalt  in  many  cases  to  deter- 
miiie  whether  an  organ  is  actually  developing  or  degenerating  at  tbe 
present  time,  alttiough  its  variability  or  tendency  to  present  indi- 
ridnn)  anomalies  indicates  that  some  cbanf;c  is  in  progress.  I  may 
[DHtance  the  highly  variable  peroneiis  tertiiis  muscle  ( Woml).  The  rise 
nrriill  of  organs  is  so  constantly  associated  with  their  degree  of  utility 
that  in  each  case  ttie  doubt  can  beremovedby  a  careful  analyaiH  of  the 
greater  or  leas  actual  service  rendered  by  the  part  in  question.  Apart 
friiin  the  question  of  causation,  it  is  a  fixed  principle  that  a  i>art  degen- 
eratitig  by  ilisuse  in  esich  individual  will  also  be  found  degenerating  in 
the  race. 

Degeneration  is  an  extremely  xluw  process ;  t>oth  iti  the  muscular  and 
skeletal  systems  we  rtnd  orgiiiis  so  far  on  the  down  grade  that  they  are 
mere  pensioners  of  the  body,  <irawing  pay  (*.  e.,  nutrition)  for  past  hon 
orable  Bervices  without  performing  any  eoiTesi>onding  work — the  plan- 
taris  and  paimaris  muscles  for  example.  Of  course  an  organ  without  a 
faudjon  is  a  disadvantage,  so  that  the  final  duty  of  degeneration  is  to 
restore  the  balance  between  structure  and  fiinction,  by  placing  it  hors 
ifrowiftfl*  entirely.  Onesymptomof  decline  is  variability,  in  which  the 
or^  seems  to  be  demonstrating  its  own  uselessness  by  occasional 
aWncc.  As  Humphrey  remarks;  "Tbe  muscles  which  are  most  fre- 
•luently  absent  by  anomalies  are  in  fact  those  which  can  disappear  with 
Vastincouvenience,  cither  because  they  can  be  replaced  by  others  or 
bwtnse  they  play  an  altogether  secondary  r6le  in  the  organism."  The 
f^ng^  downward  are  gradual ;  the  rudiment  becomes  variable  as  an 
adult  atrnctnre,  then  as  a  fiBtal  structure;  the  percentage  of  absence 
slovly increases  until  it  re-appears  only  as  a  reversion;  finally  the 
lort  ceases  even  to  revert  and  all  record  of  it  is  lost.  This  long  strng- 
llfofthe  destructive  power  of  degeneration,  which  you  see  is  essen- 
6ally  an  adaptive  factor,  against  the  protective  power  of  heredity  is 
'He  most  striking  feature  of  the  law  of  repetition.  (See  Galton's  simi- 
lar principle  of  regression  in  autliropology.) 

A  carefnl  study  of  our  developing,  degenerating,  rudimental,  and 
Kversional  organs  amply  demonstrates  that  man  is  now  in  a  state  of 
^volation  hardly  le^s  rapid,  I  believe,  than  that  which  has  produced 
theDiodem  borae  from  his  small  five-toed  ancestor.  As  far  as  I  can 
we,  the  only  reason  why  oar  evolution  should  be  slower  than  that  of 
tlie  aiunent  horse  is  the  frequent  intermingling  of  races,  which  always 
^aAa  to  resolve  types  which  have  speciiilized  into  more  generalized 
types.  Wherever  the  human  species  has  been  isolated  for  a  long  i>eriod 
of  time,  divergence  of  character  is  very  marked,  as  will  be  seen  in  some 
of  the  races  I  refer  to  below.  ,  -•         i 
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To  lighten  tlie  loug  catalogue  of  facts,  gathered  firotn  many  authwK, 
I  shHlI  freqaently  allude  to  habit,  but  will  ask  you  to  cousider  it  for  tbe 
time  a8  assoeiational  rather  than  causal.  Poachet  says:  ''Man  is  a 
creature  of  tlie  writiug  table,  and  could  only  have  been  mveut«d  in  a 
couutry  in  which  covering  of  tbe  feet  is  universal;"  he  should  liave 
added  the  ^'eating  table."  Froni  the  average  man  our  fashions  md 
oGcapatiooa  demand  the  play  of  the  forearm  and  hand,  the  iudependent 
and  complex  mo^ementis  of  the  thumb  and  fluger;  the  outward  tnrniiig 
of  tiie  foot  in  walking.  These  are  some  of  tbe  most  conspicuous  featnits 
of  modern  habit. 

i 

The  skeUtat  rariatiana.* — Iq  a  most  valuable  essay  by  Arthur  Thon- 1 

son  upon  "The  Influence  of  Posture  ou  the  Form  of  the  Articidar  Sur 

fnces  of  the  Tibia  and  AHtrafalns  in  the  Different  Races  of  Mao  aud 

the  Higher  Ape8,"t  we  find  clearly  brought  out  the  distinction  between 

congenital  variations  and  those  which  may  be  acquired  by  prolonged 

habits  of  life.     It  is  perfectly  clear  from  this  investigation  that  certain 

racial  characters,  such  as  "  platycuemism  *"  or  flattened  tibia,  whinli 

have  been  considei'ed  of  great  importance  in  anthropology,  may  prov*^ 

to  be  merely  individual  modifications  due  to  certain  loi'al  antl  tempor.u7 

custuma.    Thomson's  conclusions  :ire  that  the  tibia  is  the  most  variable 

ill  length  and  fonn  of  any  long  bone  in  the  body.    Platyciieuiia  is  most 

fretjuent  iu  tribes  living  by  hnnting  and  climbing  in  hilly  countries, 

and  is  associitted  with  the  strong  development  of  the  tibialis  posticiK 

Tlie  great  ctmvexity  of  the  external  condyloid  surface  of  the  tibia  in 

savage  races  appears  to  be  developed  during  life  by  the  fl«quent  ot 

habitual  knee  flexure  iu  s«|uatting;  it  is  less  developed  where  the  tibia 

has  a  backward  curve,  and  is  independent  of  platycnemia.    Anotbei 

product  of  the  squatting  habit  is  a  facet  formed  upon  the  tieck  uf  tbe 

astragalus  by  the  tibia.    This  is  very  rare  in  Europeans;  it  is  found  in 

the  gi>rilla  and  oraug,  but  rarely  in  the  chimpanzee.     We  must  tbere- 

ir  gaanl  to  distinguish  l>etweeii  congenital  or  herediUiry 

ract4.'rs  which  are  fiindainental.  and  ''acquired^  skeletal 

rhifh  may  not  be  here*iitary.    The  latter  are  of  question- 

n  tnH'ing  lineti  of  descent,  if  uot  actually  misleading:  on 

lid.  tiie  teelh,  as  shown  by  Co|>e  iu  his  essay  on  "  Lemnrine 

human  dentition,"  have  distinct  raciaT  patterns  and  are 

■es  of  cousau^iuity.  because  their  form  can  uot  be  modified 

f^atureis  of  prei:^iit  evolution  iu  the  backbone  are  the  elab- 
*>  spines  of  the  wrvical  vertebiw.  the  increase  of  tbe  spiual 
the  shortening  of  the  centra  of  the  lumbar  vertebne  and 

)rNi<>nl  arl>.-l«»,  s»«>  Hlani-hanl.  ■•  L'At;ivi«tne  rhri  I'Hoimiir,''  H"- '' 
fx.  4-.■^ :  auJ  B:tkPT.  -  Th«'  An-vnl  vf  Mao.'  Pr^ta^mpt  of  Iht  Jurrwi* 
■h,  .1  Ji'M«Ti-r*t  %■/'  .<Wr..T.  )!4><V     .Um».  g^iHuBiaw  iCqwrt  te  1890,  p. 
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ahiftiii^of  the  pelviK  upward,  whereby  a  liimbnr  vertebra  jh  added  to 
the  sacrum  and  subtracted  from  the  dorHO-liimbar  Herien. 

OunniDtchani  lias  found  that  the  divisioi)  of  the  neoral  Kpines  in  the 
upper  cervical  vertebrif  distiuf^uishcs  the  lii^her  ra4'e8  from  the  lower.^ 
The  spine  of  the  asis  la  always  bitid,  but  the  spines  of  tlie  cervicals 
three,  four,  ami  five,  are  also,  as  li  rule,  billd  hi  the  European,  while 
they  are  siDg'le  in  the  lower  mces.  The  same  Author  shows  that  the 
bodies  of  the  lumbar  vcrtebrn;  are  ultering,  by  widening  and  shorten- 
ing, U>  form  a  firmer  pillar  of  support,  with  a  compenHatiug  increase  in 
the  length  of  the  intervertebral  cartihigcsj  In  the  child,  the  vertebrie 
preseut  more  nearly  their  primitive  elongate  (impressed  form.  With 
Otis  is  lisaociated  an  in4TeaBe  of  the  forwanl  lumbar  (-urv.iture  (Tur- 
Mr);t  the  primitive  (i.  «-.,  SimiHii)  curve  was  backward;  even  in  the 
Degroes  the  colle*rtive  measurement  of  the  posterior  faces  i)f  the  five 
iDmhars  io  {H'cater  than  the  anterior,  in  the  proportion  of  106  to  100; 
whereas  iu  the  white  the  colle<;tive  anterior  faces  exceed  the  posterior 
in  nearly  the  same  proportion — 100  to  96. 

Tlic  lower  region  of  the  back  is  also  the  Keat  of  one  of  the  most  inter- 
exting  and  important  of  the  changes  in  the  botly,  namely,  the  correlated 
ifvolntiou  uf  the  inferior  ribs,  the  lumbar  vertebra-,  and  the  pelvis, — to 
which  embryology,  adult  and  comparative  anatonty,  and  reversion  all 
wntTibute  their  quota  of  proof.  In  most  of  the  anthropoid  ajies,  and 
Iberefore  presumably  in  the  pro-anthropos,  there  were  thii-teen  com- 
plete ribs  aud  four  lumbar  vertebra',  while  man  has  twelve  ribs  and 
fire  Inmbars.  Thus  we  may  consider  the  superior  lumbar  of  adult 
man  as  a  ribless  dorsal;  not  so  in  the  human  embryo,  however,  for 
Bosenbergj  has  found  a  cartilaginous  rudiment  of  the  missing  tliir- 
tmth  rib  upon  the  Ho-callcd  first  lumbar.  Atavism  ccmtributes  an 
arlier  chapter  in  the  history  of  this  I'egioii,  for  Birmingham  ||  reports, 
Mt  of  fifty  cases  examined  in  one  year,  two  iu  which  there  were  six 
hinihars,  aud  in  each  the  thirteenth  rib  van  well  developed ;  this  is  an 
interesting  example  of '*correlat«il  reversion,"  for  as  the  {telvis  shifted 
downward  to  its  ancestral  position  ui)on  th(^  twenty-sixth  vertebra, 
the  thirteenth  rib  was  also  reston-d.  The  other  ribs  ai'e  in  what  the 
indents  styled  a  "state  of  tlux;"  our  eighth  rib  has  been  ho  recently 
floated  from  the  sternum  that,  aud  according  to  Cunningham,^  it  re- 
verts as  a  true  rib  in  twenty  cases  ont  of  a  hundred,  showing  a  decided 
preference  for  the  right  side.  Regarding  also  the  occasional  fusion  of 
the  fifth  lumbar  with  the  sacrum  and  the  unstable  condition  of  the 
Ifelfth  rib,  which  is  by  variation  nidimentary  or  absent,  Rosenberg 
makes  bold  to  predict  that  in  the  man  of  the  future  the  jtelvis  will  shift 
another  step  upward  to  the  twenty-fourth  vertebra-,  and  we  shall  then 

'  •/mmal  of  Analomg  and  Phi/tiologg,         ^  Morph.  Jahrb.,  1HT6. 
1886,  p.  636.  fJourual  of  Analmy  and  I'hgiioUigg, 

(:Wil„]890,  p.  117.  1891,  p.  526. 

;  IU4,  1887,  p.  *73.  H  Ibid.,  1890,  p.  127. 
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loiie  »«rtv«idJi  nb.  The  iipriziu  imhdimu  aari  coBBeqnent  transfer  nX 
rtw  'CTHgnt  "f  'oe  .UMloBunal  -.-uecsa  xo  tbe  pHvis.  may  be  coniudend 
Tiut  aauiz  .iMwciaseu  ^rh.  -bis  mlartuHi  ttt'  the  Aest;  at  all  events, in 
rhtt-voiotiua  '■t'loaiiiTTpMtft  ttM»vi»  a  ooiutCuit  relation  of  increase  be- 
-Tr«wi  the  'ta*  -It  -be  imwenwr  ntw  and  Ae  wiright  of  the  \i8cera,  nntil 
:lir  -rn-lH-unni;  ■  ^^^T»-t•^a■  n^**  r«  rwMity  ami  the  Inmbars  are  reduced 
'»  rnrev,'  '  r  -*iMU>i  f  :n[«»-:-ons  n>  noce  Ghc  condition  of  the  ribs  in 
■ifr  -i  'a»  !jmt^'<trilieiL  ~r:iM^  ••('  A^i-ans  in  reference  to  this  point 
rill- .  uw,-'-  uitt  liitnrajlv  jievn  Che  I'enCK  t>f  active  search  for  the 
'm>»ui£  'iK.Yi'.'Lc  ■•'»"■>■"■■*     .\.->  :>  wt-il  known,  the  adnlt  coccyx  contains 

Hit  riiin  unrw  '»  3\t?  ■■«itt-r>s,  -riuie  the  embryo  coutainti  from  Ave  to 
Mi.  l>r,  ^lits  Barm.1  lai  inaHie  -EHe  gesehwinzt^'n  Menst':hen"  tbe 
<4iL>ii^-i   •!   tu   ■xiia^Rivf  ueattir  apt>n  <-ai^e»  of  the  reversion  of  tlie 

uii.  wi'i  •-  Ti-KCnt  reaitnb-  ul  rhe  primitive  tail  muscles  in  various 
-tat.'*-    "    f*t*r««>u.     W  ns>m  rep«trt»  that  the  cnrvatores  coccygia 

.iM'.tv*oi«-    ;tu>iif     tr'tr  miv  ;n  I  in  LINHt  .,•»»*«, 
'  "■  -^  ^i:^^>-^^  h  iionieur'-i"iJ!£retM>tuD  to  conntider  the  different  phasn' 

.1  T-v  cr^wu.  '~»»'  :uirn^iicli  nb  rt^-ur^  liy  what  Gegenbaur  calls  "neo- 
^viitut  :vt>-r^i>u.~~  or  I  t^^unplv  the  anomaloos  adoltdevelopmentof 
.Ul  '<U'>i" '»>■>'  '~niinifiir.     CndiHr  aeogeoetiL-  reversions  many  authors 

UM»  ■»  •mi*'  ■•**-  't  "iJe  — .irrefted  liewlupment.**  or  persistence  of  an 
4ai:>t^->ii  t  ^m<ii'.:iiii  ii  Miuit  ^ite.  ■^u:h  u«  the  ^ILsunited  odontoid  proc- 
i-p*.  .tt  lie  *.v:^  ii-r'i'orak  wiieu  h^pens  to  repeat  a  very  remote  an- 
vv--^r:ti  >.■•'[»<  .-•'».  I  'iiiitk  ;»u:h  aK«»  mikv  iltnstrate  a  reversional 
ii'.niiiui.  ufii'u-'i  iiiMiv  i.-aee»  "t"  arrested  development,  such  as 
.t(niin'(>ii.i:> ,  "i.ii>'  111  jcavtstif  signihcance  whatever.^  More  rare 
.tiiti  m-  iH'iv  ■i;:h.  'lit  :u  exyiuiii  ar»  th«  " palsei^renetic  reversions,"  in 
<«  liii  l>  '.  'K-  iiiu<i>.t;> .  Mi>-ii  tii  the  sapHK-oodyliU'  foramen,  reverts  to  an 
.ti^tviis.  -i«>  niiioiv  t't.tt  :iie  rudiment  bs  Dot  even  represented  in  the 

Vltlt^lSII. 

ttio  1V-.HUWS  u'f  skull  .level-'piuent  ate  primarily  the  increase  of  the 
ct'itnititi  aiij  ilie  iate  ii.>M[re  »('  the  cmnial  sutures,  in  contrast  with 
Itiv  uKn»  o'MipK-te  Mid  eurtier  *'l«tMire  of  the  facial  sutures. 

So  lilt  as  L  call  fT^tlier,  tliis  seetus'  to  be  another  region  where  the 
w  hiu-  i*ud  wlored  r^-es  present  reversed  conditions;  the  early  closure 
Mn\  HI  u^t  of  luiiiu  dcveliipiueiit  in  the  negroes  is  well  known;  the 
(■)U>t  vU-ittiiv  Muioii;^  the  whites  is  undoubtedly  an  adaptation  to  brain 
Kit'^sth.  lu  his  valuable  statistii-a  ayntn  the  Cambridge  studeots, 
Unlli'ii  ony*:  "Although  it  is  pretty  well  ascertained  that  in  the 
in.iMiy«wf  the  potmlittiou  the  brain  ceases  to  grow  after  the  age  of 
uiiit'ltH>ii,  tu'  t>NOii  eai'tier,  it  is  by  no  means  the  c»se  with  university 
»hiiliMtlH'  In  iKllli  honor  men  heiwl  growth  is  precocious,  their  heads 
i<u'ili«iiiii.ilt>  tivt'f  Ihc  iiv«'rnji»  uioro  iit  nineteen  than  at  twenty-five." 


til>,U  aliiiiilil  Ihi  Hitiil,  IH  fri>i|ui-ull)'  HABueiitt^d  wltb 
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Mauy  of  the  casea  uf  an'OHted  closure  of  facial  sutureH  mk  wvet- 
sioani,  a»  tliey  correspond  with  the  adult  conditiou  of  other  races,  :4ii(;h 
an  the  divided  malar,  or  a.-*  Japoiiicum.  The  huaian  premaxillary,  a 
diseorery  with  which  Goethe's  name  will  always  be  associated,  is  some- 
times partially,  more  rarely  wholly,  isolated;  it  is  late  touuitewith  the 
Diaxillary  iu  the  Australians,  and  has  heen  reported  oiitirely  separate 
ill  a  new  Caledonian  child  (Desloiigchamiw)  and  in  two  Greeidanders 
lOaras).  The  orhito-inaxillary  froatiil  satiire,  cited  hy  Turner  as  a  re- 
version to  the  pithecoid  conditiou,  is  believed  by  Thomson,  after  the 
examination  of  1,037  skulls,  to  be  merely  an  at-cideutal  variation,  with- 
out any  deeper  si^ificanc«.*  The  development,  of  the  t<tmporal  bone 
from  two  centers,  observe<l  by  Meckel,  (Iniber,  and  many  others,  is 
roDEidered  hy  Albrecht  a  reversion  to  the  separate  quadrate  of  the 
jMiro-mammalia.  Tiiis  1  think  is  iu  the  hijfhest  degree  improbable  (see 
"liimitB  of  Beversion").  The  open  cranial  and  closed  facial  satnres 
ire  apparently  associated  with  onr  incresising  brain  action  and  decreas. 
ing  jaw  action ;  in  one  case  the  growth  is  prolonged  and  the  sutures  are 
left  open,  iu  the  other,  the  growth  is  arrestf^l  and  the  sutures  are 
doeed. 

la  the  lower  jaw  developing  or  degenerating  t  This  question  has  re- 
cently been  the  subject  of  a  spirited  controversy  between  Mr.  W,  Piatt 
Ball.t  representing  the  Weisman  school,  and  Mr.  P.  Howard  Collins,! 
Bflpporting  Herbert  Spencer's  view  that  a  diminishing  jaw  is  one  of  the 
features  of  our  evolution  which  can  oidy  be  explained  by  disuse.  Mr. 
t^llins  find  that,  relatively  to  the  skull,  the  mass  of  the  recent  English 
}*vis  one-uiuth  less  than  that  of  the  ancient  British  and,  roughly 
i^fakiog,  half  that  of  the  Australian.  He  appears  to  establish  tlio 
lir*  that  the  jaw  is  diminishing. 

ffcwely  connected  with  this  is  the  evolution  of  the  tcetli ;  how  are 
Ihey  tending! 

Fk)wer§  has  shown,  as  regards  the  length  of  our  molar  series,  that 
*e,  together  with  the  ancient  British  and  pjgyptians,  belong  to  a  small- 
t>iothed  or  "microdonfrace;  the  Chinese,  Indians  (^orth  American), 
Malayans,  and  negroes  in  part,  are  intermediate  or  "  mesodout,"  while 
tlie  Andamaiiese,  Melanasians,  Australians,  and  Tasmanians  mv-  "  ma- 
I'Todont."  While  undersize  marks  the  molars  as  a  whole,  the  wisdom 
t»oCb  is  certainly  iu  process  of  elimination ;  it  has  the  symptums  of  de- 
liiiie;  it  is  very  variable  in  sikc,  fonn,  and  in  the  clat*'  of  its  apjiear- 
unre,  is  often  misplaceil.  ami  ii*  not  uncommordy  quiti*  nidimentary 
iTfflncfi).'!  (lere  is  another  instance  where  the  knife-and-forkless  races 
Tvverjie  oui  degeneracy,  fbr  in  them  not  only  is  the  last  normal  molar 

'Journal  of  Juatomy  and  Phgaiolitijij,  1890,  p.  318. 

'  Aro  the  Effects  of  Usu  andDisiiwi  luheritedf     S'aUirc  .Sirits,  1800. 

:  Th«  Lower  Jaw  in  Civilizwl  Riii:e«.  1891. 

i  Jtmrnal  of  the  Anlhropologieal  Inslitute,  1880. 
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ittL-  '■-  »^^  >^  'uc  'imi;  'WiiiK  die  Cr^litional  years  of  discretmu,  but 
ji  -1^  iE<-»»»'i'w»rmiIjir>i  irt-  AtuxvA  tiro  in  termed  iute  ciisps  (Tomcg)' 
»-u'.i  ;r*  ~i.";j.i'it*  'T  ii)M*uc  ia  iL-t  i  Abbott) j  raoreorei.  in  tlie  macro- 
to-BT  -tiK*—  i  -«nT>iii>  3nilar-  io.  +■  Is  ^tMoetimes  developed.  Miiuimsrj- 
-t^tMT^^  u-H?  i»n  ■!  -ij^?-.  jiniNi:;  -"t:iS  \T«st  Africans  (Aahantis).  As  aji 
[i>niU'-   'i   4--*»«-:iii-.i    liiint  I  ouiT  bere  mention  tb at  Dr.  Lomholtz, 

;:.  »  iMr",.::iii  ■■\;'i.>n'r,  :ii«)rms  nie  that  in  adnlt  uatives  the  teeth  arc 
■»>.fi  »  iw  ^'ub:  a  lit-  .iii>fnt-(M>f  ttxJs  they  are  used  ineveryoccii 
>.ii:cii.  ■?!«■  .-^  !>*-t-mnii;;  .i  «tukti  to  ratting  a  root.  A  tour  of  iuepw 
-II. .1  iimu;:.'!  mv  '-sr^  ■olle-  riim  »t'  stalls  bringH  out  the  contrast  bc^ 
"n<v>t  iiwMuiHi.iu^i  Liniwiiru  moLirs  tti  the  savage,  and  thedecayi^ 
,^»a   ut:i-  vracti  aniars-x'  rb>'  wiiite. 

■_  ■■..!  ar  ie-t-i-nr  iirtuv.  rliw  rii^tiiK-ttou  of  teeth  in  the  progeniWnrf 
— t"  Ai^-»a  -te-  iir  •a«'v  »s  r  H-  bl-svoe  perioti,  for  not  later  than  tlial 
:f«twi«'  i;.."*  ii'  •'■  t  d  ■■"<?  -"'i  "HBpIeiuent  of  three  incisors  and  four 
'>,fiu''>:>>-'  t>  vtK'i  'a^> :  :i»w  titerv  are  bat  two  remaining  of  eark 
Itt..'".  i  I  ^"i  i.i'i'incv.  iMtwv^s  he  has  discovered  eleveucawsofa 
■  111*'  i"''.ii.  vn'i>ioii  Jt  kHu-  of  the*  lost  premolars^  not  catting  tk 
■,»x\,  N>  *  i-,r*>|i»-uriy  boch  tti*^;*  missing  teeth  occtir  by  reversinii. 
:;   ?..i-  ■!<  ml  In  omwivB  i>t  ivver^iun  to  such  a  remote  i^riod, yetit 

^  M,ii'i''''^-»i  "'^  .'ditfr  evt.Icttt-e,  An  embryouic  third  incisor  lias,  I 
',V!^'*»^  'kvu  aix"itfiv>I.  As  long  ago  a«  1863  Sedgwick§  lecordrda 
>.»«,•  «'i  '^'v  iiitiivr  ni'l  li'«*?c  iuvisiirs  in  both  jaws,  and  api>eariiig in 
'v'.ii  '.iii>'ia:k  iiiii  jn^ruijnt^ut  dentitions^  this  anomaly  was  iiiheriCd 

iv.u  ,*  ^iwmiiMivut,  ;k  strtkiti;:  iustani-e  of  lioreditary  reveisiooal  ten- 
lUxv*.  ^''  -b.^iit  i>'ii,>ii!fr  that  these  eases  of  snpernnoierary  t«lh 
V'"'".;  ■>»  ■'"■'  vuiif  iiiti'giiry  as  jM)ly  dactyl  ism,  or  additional  fingers. 
«.i., U  >«'  iK>E  .liit^i^ici  Uit  for  tliv  tJMrt  tliat  they  do  uot  exceed  Iltf 
n,..v,t;  unvoai.d  iiiimlK-r.  wher«»s  the  lingers  do. 

\\i->iwoio  W  :ii.lli.'  t  otrfi'nl  review  of  the  incisor  reversions,  in 
*;iu!»  'u-  -Jii'*^  Muti  tlie  Kv-t  i»nis«irs  re-appcar  more  freqaeatly  in  the 
M'l".-*  ii>'*i'  '■■"'  '"*>■■>"  '•*"  ixkiui'iding  with  the  fact  that  the  lower  ttTib 
m.i'  I'li'  ''I"-!  H"  dis.t|'tvi»>"  in  the  race):  he  considera  that  the  t>.-*l 
.xv.l>  *  '■«  '"■'  "*"•'  "*'»"'  '•'>■  "^'^'  the  canine,  and  conclades  by  addiu^' 
,.  u    .n-xviii  ■M>\>vi  iMitvr  ;tn.>(s«Tt«ithe  long  list  of  degenerating  nrgans." 

.,   ,1.   ■^^.'^  ■  '-^  vi.ttvtmi'l  by  measurements  and  by  citing ca-w '" 

.1    ;»  'I  '».t.^  Ik^ii  6>u<'l  ,»!vi*'«l.     Yet  the  reduction  of  the  jaws  istl' 

„il\   mii-Mi'i'i'i'i^    th.it  of  the  t^-eth,  if  we   can  judge  from  tk 

I  'i  „,  'v.  .   •' '■   •■    ""  >'    ''•■-'"■■  raaiiiwlont  tribes  |AuHtraltans,  Tn^ 

"*"'  '  _,   ,,,  ■     Jws.      iLiisruiiiniout  in  fuiuulbotwocatliL  first  auil 

,      .  >,   ■!.  ^   ■■;  in -^^.T  N  thoiiriuiitiviMiiadUaoae,  wllUeTiit- 
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frequent  pnMitice  amoug  Americau  dentists  of  relieving  the  crowded 
ja«'  by  extra«rtioii. 

^^'v  now  turn  to  tlie  arclies  and  liiiiba.  Fluwer  baB  [Minted  out  tbat 
the  base  of  the  scapala  is  widening  in  tbe  higher  rave»,  so  that  the 
"iudex,"or  ratio  of  Icugtli  to  breadth,  is  quite  distinctive.  Gegenbaur 
ussouiat«t<  this  witli  the  developmeut  of  the  Rcapulohnineial  muscles 
and  the  greater  play  of  tbe  hnmerus  as  a  prehensile  organ. 

in  genera],  t)ie  arm  increases  in  interest  as  we  descend  toward  the 
bund,  both  in  the  skeleton  and  musculiiture,  bcuaiise  here  we  meet  with 
tlie  first  glimpses  of  fuvt-'*  which  enable  ns  to  form  some  estimate  of  the 
rate  of  hnmiin  evolution.  Tbe  well-known  Immeral  torsion  (connected 
irith  iocresised  roUttion)  ascends  fn>m  152°  in  the  polisbe^l  stone  age  to 
IW  in  the  modern  European.  The  intercondylar  foramen,  or  i>ei-f(»ra- 
tioii  of  the  olecranon  fossa,  is  exceptionally  well  recorded;*  ft  is  found 
in  M  i»er,cent  of  skeletons  of  tlie  reindeer  period ;  in  the  dolmen  jieriod 
it  fell  to  24  per  cent;  in  Parisian  cemeteries  between  the  fourth  and 
tenth  centuries  it  is  found  in  5.5  per  cent;  it  has  now  fallen  to  .'t.3  i>er 
wut.  The  condylar  foramen,  occasionally  forming  a  complete  bridge 
of  Iwue  above  the  inner  condyle  and  transmitting  tbe  median  nerve 
ami  brachial  artery,  is  known  as  the  "  eutepieondylar  "  foramen  in  com- 
luirative  anatomy,  and  is  one  of  the  most  ancient  characters  of  tbe 
maiiiinalia;  it  reverts  i>abeogenetically  in  1  i>er  cent  of  recent  skeletons, 
but  mneh  more  freiiuently  in  inferior  races  (Lamb).  In  the  wrist  bone 
is  sumetimes  developed  another  extremely  old  structure — the  oscentrale. 
(jrnhert  reported  its  recurrence  at  0.25  per  cent  approximately.  Tliis 
is  H  case  of  neogenetic  reversion,  for  LelH»uc<i  (  shows  that  there  is  a 
iwtin<!t  centrale  in  every  human  carpus  in  the  first  i)ai't  of  tbe  seitond 
oonth,  wliich  normally  fuses  with  tbe  scaphoid  by  the  middle  of  tbe 
(Itird  month. 

The  divergence  of  the  female  fi-om  the  male  |>elvis  is  an  imiHirtant 
feature  of  our  progressive  development;  it  is  proved  by  Ibe  fact  that, 
^  ice  descend  among  the  lower  races  it  becomes  increasingly  diificnlt 
lo  distinguish  the  femaht  skeleton  trom  the  male,  for  the  i)elves  of  the 
Iwii  sexes  are  nearly  uniform.  Here  it  seems  to  me  is  a  most  interest- 
iug  problem  fur  investigation.  ArbntltnotLane's§  views  of  the  mechan- 
ical causes  of  tliis  divergence,  which  are  strongly  Lamarckian,  may  be 
■figlied  with  the  theory  of  survival  of  the  fittest,  tor  the  large  female 
pelvis  is  i>erlia|>s  the  Ix^st  example  that  can  l>e  a^lduced  of  a  skeletal 
variation  which  would  he  preserved  by  natural  Nele<'tion,  for  i-easoiis 
which  are  seU'evidenf .  The  third  tiochanter  of  the  lonmr  is  believed 
by  Prof.  Dwight,  I  of  the  Harvard  Medical  School,  to  be  a  true  re- 

"Sec  Blanrhard.op.cit.,  p.  450. 
tVirohiiw"*  .trvhie,  1885, p. SoS. 
tJi.li.  ((<■  trt  Soe.  di-  Mid.  de.  r.a,.,l.  JS.iJ. 
iJourai'l  .1/ .Inatomii  aad  rh-fiiologif,  I8&»,  p.  2U. 
I  Ibid.,  law,  p.  til. 
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version  (1  per  cent)  in  our  race  and  not  an  avqiiired  variation,  as  it 
is  very  frequently  found  among  the  Sioux,  HO  per  cent,  Lapli)0<leri<,  W 
per  cent,  and  Sw^edes,  37  per  cent;  lilce  tlie  condylar  foramen  it  is  an 
ancient  mammalian  character. 

The  foot  is  full  of  interest  in  its  asaociatiun  of  degeneration  and  de- 
velopment with  onr  present  habits  of  «-nlking;  the  great  toe  is  increas- 
ing and  the  little  too  diminishing,  causing  tlie  oblique  sloi>e  from  within 
outward  which  is  in  wide  contrast  with  the  square  toes  in  the  infautor 
in  the  hiwer  races.  In  many  races  tlie  second  toe  is  as  long  as  the  first, 
and  the  fet-'t  are  carried  parallel  instead  of  tlie  large  toe  turning  oat. 
If  anyone  will  aaaly;!u  his  sensations  iu  walking,  even  in  his  shoes,  he 
will  be  conscious  that  the  great  toe  is  taking  active  part  in  progression 
while  the  little  toe  is  pitssive  and  insensitive.  We  are  not  surprised, 
therefore,  to  learu  fn)ni  Pfitzner*  that  we  are  losing  a  phalanx,  that  m 
many  human  skeletons  (41.5  per  cent  in  women  and  31  yet  cent 
in  men)  the  two  end  Joints  of  the  little  toe  are  fused.  The  fusion 
occurs  not  only  in  adults,  hut  l>Gtwecn  hirtli  and  the  seventh  year,  and 
in  embryos  of  between  tlie  lifth  and  seventh  month.  The  author  does 
not  attribute  this  to  the  nierhanical  pressure  of  tight  slioes  because  it 
is  found  in  the  poorer  clusses.  He  considers  it  the  first  act  of  »  total 
degeneration  of  the  fitth  toe. 

Variathim  hi  lite  mugvlm. — The  evolution  of  the  muscles  of  the  font 
looks  ill  tlie  same  direction.  As  yon  know,  the  large  toe  tu  many  of 
tite  ajies  is  set  at  an  angle  to  the  foot  and  is  used  in  cUmbing.  It  is  ' 
still  employed  in  a  variety  of  occupations  by  different  i-aces.  Acconl- 
iitg  to  Tremlctt,1  the  ceiehtated  great  bieof  tIte  Annamese,  which  nor- 
mally projects  at  a  wide  angle  fi-oin  the  foot,  is  contemptuously  men- 
tioned in  Chiiime  annals  of  ±JS:>  n.  <;.,  the  race  being  then  described 
as  the  "cross-toes,"  The  long  flexor  of  the  Imllux  is  apparently  de- 
generating, showing  a  tendency  to  fuse  with  the  llexor  communis;  the 
attductors  and  adductors  of  this  toe  are  also  degenerating,  the  latter 
being  proportionately  large  in  children  (Huge).  The  little  toe  exhibits 
only  by  reversion  its  primitive  share  of  the  flexor  brevis  (GegeiihaBr): 
more  frequently  it  varies  in  the  dirt^ction  of  its  future  decline  by  losing 
its  flexor  brevis  t«iidoii  eiitireiy.  Two  atavistic  muB<'ies,  the  abductor 
inetatarai  quintif  (always  i>resent  in  the  apes),  and  the  peronens  parvns  | 
(Hischoft'),  also  point  to  thoformennobilityof  the  outer  side  of  the  foot 
111  general  the  bones  of  the  foot  are  tleveloping  on  the  inner  and  degeu-  < 
orating  on  the  outer  side,  with  loss  of  the  lateral  movements  of  tbe  ! 
hallux  and  of  all  independent  movements  in  the  little  toe.  The  associ- 
ated habit  is  that  the  main  axis  o(  pressure  and  strain  now  connect* 
the  live!  ii!id  great  toe,  leaving  the  outer  side  of  the  foot  comiiaratively 
fmictioiiless, 

■  ji™  Hiilnlmldt,  18IK1;  hIko  Xnliire.  ISOO.  ]..  :iiH. 

t  Journul  uf  the  Aulhropohgieal  Intliliilc,  ISBO,  p.  -Mil. 

tUom-jD;  Ucacvslo/Man,  p.  -ll'. 
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The  variations  in  the  rauacalar  systoiii  inaik  off  mure  clearly  tlie 
rPjf'i^iiH  of  conteiu])arary  evolution, mid  thei'etore  are  even  moi'e  iiiHtrue 
tive  fliaii  t1ioi4e  in  the  skeleton.  MiiHciilar  aiionialica  have  bowover 
never  be«n  adequately  iinalyzed.  Hyeii  t)ie  reinaiknble  memoir  of  M> 
Testnt,  "Snr  les  Anomalies  muscul aires,"  in  ilefertive  in  not  clearly 
(ImtiiigniKliing  Itetween  variationiiwhii^hlook  to  tho  future,  those  which 
revert  to  the  paHt,  and  those  which  are  fortuitons,  for  the  author  is 
stroiij;ly  inclined  to  refer  all  anomalies  to  reversion. 

The  law  of  mimciilar  evolution  is  sjH!(;ialization  by  the  sucA^eaaive 
ae|)aratiou  of  new  independent  contractile  bands  from  the  larj^c  funda- 
uiental  mus<-]e9,  while  the  law  of  skeletal  evolution  is  reduction  of 
primitive  parts  and  the  specialization  of  articular  surfaces.  The  num- 
ber of  muscles  in  the  primates  as  a  whole  ha<!  therefore  been  st«adily 
iacreashig,  while  the  number  ofbones  has  been  diniiminhing.  In  man 
tlie  number  of  muscles  is  probably  increasing  in  the  regions  of  the 
lower  arm,  and  diminishing  in  every  other  region.  The  analysis  is 
rendered  very  difficult  by  the  fact  that  some  muscles  (c.  i/,,  those  con- 
necting the  shoulder  with  the  neck  and  back)  revert  to  a  former  (condi- 
tion of  greater  specialization  when  they  were  employed  iu  swinging  the 
body  by  the  arms,  and  in  quadrupedal  locomotion;  while  other  muKcles 
{(.g.,  those  couneoting  the' forearm  and  fingers)  revert  to  a  former 
ximpli^r  armngement  when  the  hantl  was  mainly  a  gri\sping  organ,  and 
tbe  thumb  wits  not  opimsable. 

As  in  the  skeleton,  we  iind  tliat  muscular  anomalies  inidude  (1) 
ial:eogeneti(;  reversions,  or  complete  restorations  of  lost  muscles;  {2) 
neogenetic  reversions,  or  revivals  of  former  ty|>es  in  the  relations  of 
mting  muscles;  {3)  progressive  variations,  which  either  by  degeiier- 
»tion  or  st>«i;ializatiou  point  to  future  types;  (4)  fortuitous  variations,  ' 
iliicli  cannot  be  referred  to  either  of  the  above. 

Dnval  observes  that  the  flexor  longus  poHcis  repeats  in  reveruion  nil 
llie  Ktages  of  its  evolution  between  man  and  the  apes,  in  whidi  it  is  a 
ilirision  of  the  flexor  profundus.  (Jruber  and  others  have  even  observed 
ihe  absence  of  the  thumb  tendon.  This  is  true  of  all  the  new  muscles. 
OrtliisTcstut  writes: 

"Xe  dinut-on  pas,  en  le  voyant  s'eloignei- si  souventde  sonctat  nor- 
mal, que  la  nature  voudrait  ie  remener  h  »>i  disiwisition  priniiMve,  iut- 
Untainsi  sans  cesse  contre  Tadaptation,  et  ne  lui  abandoiniant  qu'  a 
regret  I'une  de  ses  pins  belles  conquettis." 

3i>eaking  of  the  hand,  Baker  says: 

"On  comparing  the  human  hand  with  that  of  the  anthropoids,  it  luay 
bsHcen  that  this  efficiency  is  produced  iu  two  ways — first  increasing 
the  miibility  and  variety  of  action  of  the  thumb  and  fingers ;  second, 
reducing  the  mus<rlea  used  mainly  to  assist  prolonged  grasp,  they  bc- 
inR  no  huiger  necessary  to  an  organ  for  delicatt^  work  requiring  ttnn- 
stant  re-ai^iustment."" 

•'■TLr  Anpoiil  of  Mail. '•  Proc^'edinfit  .Im.  A-i-x^.  ,lrfr  Sri.  IfWO.  vol.  \xxix.  ]..  XiX 
&1m,  .imitkioaiaH  llrporl,  IR90,  p.  UV. 
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You  liavR  iuitic«d  the  recent  diiuwvery  tbat  tlio  {{raspiiig  imverof 
infaiitn  is  m  great  lliat  tlie  retiex  eimtniction  of  the  fingers  upou  a 
Hleiider  erossbiu'  sustains  tbeir  weiglit;  this  jiower  and  tlie  decided 
iiiw^ard  rotation  of  the  sole  of  the  foot  and  mobility  uf  the  toes  an*  iter- 
Kiateut  adaptations.  Our  grasping  muscle,  the  palmaris  longus,  is 
highly  variable  and  often  absent;  like  the  plantnria  of  the  rulf,  it  lias 
been  repla^^ed  by  other  niuHCles,  and  its  insertion  has  b«en  witlidrawu 
from  the  mctapodium  to  the  palmar  faseia.  In  negroes  we  fre<juently 
find  the  palinaris  reverting  to  its  fonnev  function  of  Hexing  the  lingers 
by  inaertion  in  the  metacitrpala. 

The  rise  of  nuiscnlar  spei'lalizatiou  by  degeneration  is  beautifull.? 
shown  in  the  extensor  iudicis,  which,  while  uornially  supplying  the 
index  only,  reverts  by  sending  its  former  slipa  to  the  thumb,  middle, 
aud  even  to  the  ring  finger.  Testnt*  believes  that  the  extension  power 
of  the  middle  and  ring  fingers  has  declined,  aa  the  cases  4>f  reversion 
point  to  greater  mobility;  the  extensor  minimi  digiti  is  distinct  ami 
highly  vanablci  (Wood),  often  sending  a  slip  to  the  ring  finger. 

The  entire  fiexor  group  of  tliA  band,  excepting  the  palmarin,  is  uppn- 
rently  8i>e(:iHliziiig.  The  demonstration  by  Windlet  and  Bland  Suttrtii. 
that  the  origin  of  the  tlexora  and  extensors  is  shifting  downward  from 
their  original  iiosition,  is  evidence  of  an  adH]itation  to  the  shcrt  speciiil 
contractions  required  of  them. 

The  abductor  pollicisj  is  also  progressive  and  variable  (Wood);  tlif 
reduplicjition  of  ita  inferior  tendon,  which  is  sometimes  provided  with 
a  distinct  nniscle.  apparently  points  to  the  birth  of  a  second  abductor. 
The  opiH>nens  of  the  thumb  is  well  established  and  constant.  \'unahi1 
ity  seems  to  chara«;teri/o  both  the  developing  and  degenerating  niiis- 
eles;  the  latter  are  apt  to  b4i  absent;  it  Is  rare  that  an  imi>ortant  miimle. 
such  as  the  extensor  indicis,  is  absent,  but  sm^h  cases  are  reporti^l. 

It  is  interesting  to  note  that  the  Inst  muscles  of  the  body  are  alihost 
exclusively  in  the  trunk  or  shoulder,  and  i>elvic,  arches,  and  not  in  tie 
limbs.  It  will  be.  remembered  that  the  human  shoulder  joint  is  cxcep 
tionally  rigid,  whereas  in  the  qnadnip<-diil  stiite  it  was  a  factor  iu  pro- 
gression. Some  of  tlie  muscular  inversions  in  this  qnaflrnpe^at  region 
are  the  levator  elavicnhe  (1  to  (JO,  Macalister),  trachelo-elavicnlari*. 
s<'a1enns  intermedins,  lutromio-basilaris  ((^hampncys),  transversus 
iiuchie  ((Jeirenbaur).  -Vpparontly  associated  with  the  former  swiupins 
y  the  foi-eliuib  iu  the  arboreal  life  are  the  atavistic cnnM'" 
jvis  (Testnt),  the  epitro<'iih'o-dorsalis  (Testut).  and  ve'"'" 
rp8tut).§ 

rarialnlitf/.—Xs  the  literature  is  so  readily  acccssihle  I 
iply  illustrations  of  the  innumerable  congenital  viinat'""'* 
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related  to  hnmao  evolution.  I  call  attention  to  several  important  in- 
ductions. Firnt,  tbere  are  several  centers  in  wbich  both  the  skeletal 
»n(l  mnsetilar  systems  are  liiijlily  variable.  Second,  that  the  most  cou- 
.spicnons  variationi:),  and  therefore  the  most  frecjuently  recorded,  are 
Tvversioiis.  Third,  that  Htnictnre  lags  far  behind  function  in  e\'olntion. 
The  conclaaione  of  Wood,  and  of  ^estut,*  are  that  variability  is  inde- 
]>endent  of  age  or  aex,  of  general  muscularity,  and  of  abuoruial  mental 
development.  Wood  tbuud  081  anomalies  in  102  subjects;  of  these,  C23 
were  developed  upon  both  i4i<les  of  the  body,  whih-  358  were  nnilateml. 
Of  still  greater  interest  are  the  statistics  collected  by  Wood  between 
18Ct-'6S  in  the  dissecting  room  of  King's  College,  apon  3<>  subjects 
USofeach  sex).  The«e  show  that  there  are  more  anomalies  in  the 
limha  than  lit  the  trunk;  that  anomalies  are  rare  in  the  pelvis;  that 
there  were  292  anomalies  in  the  anterior  liniba  to  110  in  the  posterior; 
that  in  both  limbs  the  anomalies  increase  toward  the  distal  segments, 
lohninatinK  'n  the  muscles  of  the  thumb,  where  they  rise  to  {H>  pcr 
cenL  (mainly  flexor  loDgus  pollicis,  imd  abductor  longus  pollicis). 
These  facts  seem  to  prove  conclusively  that  while  variation  is  universal 
it  rises  to  a  maximum  in  the  centers  where  human  evolution  is  moi*t 
rapid;  here  are  Herbert  Siwncer's  conditions  of  unsbible  equilibrium. 
This  has  a  direct  bearing,  as  I  .thall  show,  ui>on  our  theory  of  heredity. 

Fortuitous  congenital  rarialionn. — t  have  thus  far  considered  only 
lho»e  variations  which  appan'Utly  have  a  definite  relation  to  the  course 
ofbnman  evolution.  There  is  an  entirely  different  class  of  congenital 
variations  which  may  be  described  as  fortuitous  or  indefinite  because 
ihey  do  not  oci'ur  in  any  fixed  percentage  of  <;ases;  they  aie  liable  to 
Hke  any  direction;  they  can  not  be  i^onsidcreil  reverstonal  because 
ibej-  aro  not  found  in  the  hypothetical  atavus,  and  there  is  not  suffi- 
eient  evidence  to  cause  us  to  consider  them  as  inci])ient  features  of  our 
filtnre  atructni-e. 

Some  may  not  bo  truly  congenital  (i.  e.  springing  <lirect  from  the 
germ  cells)  but  may  be  merely  deviations  tVoni  the  normal  course  of 
development.  I  may  instance  the  variations  in  the  carpus  recorded  by 
TnrBert  in  which  the  trai>eziiim  an<l  scaphoid  unite,  or  the  trapezoid 
anl  semilunar  divide,  or  the  astragalus  and  navicular  unite  (Ander- 
son). 

The  best  example  of  fortuitous  congenital  variations  are  seen  in  su- 
pernumerary fingers  and  vertebrie.  The  eighth  cervical  vetebra,  bear- 
ing a  rudimentary  rib,}  is  not  a  reversion  because  the  most  remote  au- 
i^Mors  of  man  have  but  seven  cervicais.  In  causes  where  a  rib  is  de- 
veloped upon  the  seventh  cervical,  however,  the  reversion  theory  is 
perhaps  applicable  because  rib-bearing  eervi<'al8  are  i-elativcly  less  re- 

"  S«r  leu  Jnomalitu  Mugciilaire;  p.  760. 

t  Journal  of  Anaiomg  and  Pkynotogy.  1884,  p.  2-1^. 

t  Arb.  Lane:  Journal  of  Anatomy  and  Phytiologg.  1885,  p.  266. 
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moU:  The  Maine  disliiictmi)  njiiilit's  t^i  pi)ly<liictyliaiii.  Htiw  itlutuni 
it  in  to  coii8ider  a  aixtb  rtii>;t»r  ntaviRti*;,  wJiPti  we  remember  that  even 
our  Perniinn  ance»t4)rH  liiid  but  five  fingers. 

We  can  not  however  chisB,  as  purely  fortuitoiiH  a  variation  which 
occurs  ill  a  definito  percentage  of  eases  presenting  tTcnty  four  dilfer- 
ent  vurieticR,  but  ocrurrin^  in  the  ^aine  region.  Sncli  in  the  mucli-dis- 
ruRBed*  niuaeiiliis  stemalia,  a  muscle  extending  vertically  over  the 
origin  of  the  jieetoi'alis  fnim  the  region  of  the  sterno-mastoid  to  that 
of  the  obliqans  exterims.  Testiit  lightly  applies  his  universal  rever- 
sion theory,  and  a.-*  this  nuisrie  is  not  found  in  any  mammal  consiilerf  j 
it  a  regression  to  the  reptilian  presternal  (Ophidia) !  Turner  also  cm- 
sidered  it  as  reversional  in  eonneetion  with  the  paimiculus  eamosos, 
the  old  twitohing  muscle  of  the  skin,  which  plays  so  many  fi:«aks(^ 
reversion  in  the  scalp  and  neck;  this  view  is  negatived  by  the  fact th»t 
tills  muscle  is  innervated  by  the  anterior  thoracic  (Cunningham,  Shep- 
herd) which  would  connect  it  with  the  pectorial  system,  or  by  the  inter 
costal  nerves  (Bardeleben).  Although  the  high  percentage  of  recnr- 
rence  in  the  stemalis  in  anencephalous  monsters  (90  per  cent  according 
to  Shepherd)  supimrts  the  reversion  view,  it  is  offset  by  the  high  per- 
centage (4  i>er  cent.)  in  normal  subjects,  for  this  is  far  too  high  for  3 
stnicture  of  such  age  as  the  reptilian  presteriial.  Cunningham  has 
advanced  another  hyi>othesis,  first  snggested  by  the  frequency  of  tils 
anomaly  in  women,  that  this  is  a  new  inspiratory  muscle,  ha^^n(!  it« 
origin  in  reversion,  but  serving  a  useful  purpose  when  it  recurs,  and 
therefore  likely  to  be  i>erpetnated. 

These  fortuitous  variations,  as  well  as  variations  in  the  pru|>ortioii! 
of  organs,  play  an  important  part  in  the  present  discussion  ui>on  hered- 
ity, for  it  is  believed  by  the  Weismann  school  that  such  variations,  if 
they  chance  to  be  useful,  will  be  accumulated  by  selection  and  tbns 
become  race  charnctorw. 

The  limits  of  riversion. — There  is  such  ii  wide  difference  of  opinion 
upon  the  subject  of  reversions  that  it  is  important  to  determine  vbat 
are  some  of  the  tests  of  genuine  reversions.  How  shall  we  distiugui^li 
variations  or  from  anomalies  like  the  sternaiin 
the  reversion  theory  to  the  breaking  iiointT 
1  Blaocbard  take  the  e^ctreme  jiosition  that  almost 
i-e  earlier  normal  structures,  and  that  the  eiccp 
ted  to  the  incompleteness  of  our  knowledge  *>f 
.  I  may  here  observe  that  popular  as  the  descent 
lecome  in  France,  neither  these  anthropolog's'" 
ts  sliow  a  very  cleai'  conceptioii  of  the  phyle'"^ 
in  evolution.  If  they  do  not  find  a  muscle  in  tbf 
br  it  in  other  orders  of  mammals.  Sow,  sh"* 
[liverged  from  that  which  gave  rise  to  man  »t " 

mill  ('iiiiuiDglinm:    ■loHmal  of  .taatamy  anil  I'hgtiolaft- 
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mwl  iviituU'  iteritxl.  Ilie  discovery  of  a  niiitilar  iiiusch'  iimy  W  iiiei'nly  a 
(-oiDcideiice;  it  i'm  l>y  no  iiie:ii)tt  h  pi-oof  of  reverKinii. 

The  first  test  of  revernioii  is  llierefiiie  the  nnatoniy  of  tlie  atA^11S 
ami  tills  is  derived  partly  fioni  tlie  lutlieontolof^ical  re<«nl  of  the 
jiriiUiites,  partly  from  tbe  law  of  divergence,  viz.,  tliat  features  wliicli 
»re  i>niiinion  to  all  tlie  living  priinatea  wore  probably  also  foniid  in  the 
stem  fonii  whicii  gave  rise  to  man ;  ftunlly,  from  the  comparative  anat- 
omy of  tLe  living  antliropoidea. 

Tlie  second  test  is  whether  a  Ktructure  {taHses  the  limits  of  reversion 
lis  determined  by  nises  of  ataviwm  in  whicli  there  van  Imj  no  reasonable 
lionbt.  Two  of  theflo  phenomena  have  recently  been  dist-ussed,  wliieh 
seem  to  exiAiid  the  jMitisibilities  of  reversion  back  to  stractures  wliii-U 
were  lost  at  a  very  remote  period.  I  refer  to  papers  by  Williams  and 
Howes.  Williama*  has  analyzed  166  recorded  cases  of  iiolymasttsm ; 
he  finds  that  supernumerary  nipploB  of  some  form  occur  in  two  |ier 
cent,  and  that  in  all  except  four  of  the  v.as(:»  esamiue^l  the  anomalies, 
tested  by  pofiition,  et*.,  support  the  reversion  hypothesis.  Id  the 
living  leinnrs,  which  form  a  i>ersistent  primitive  group  of  monkeys,  we 
find  that  the  transition  fWm  polymastism  to  bimastisiu  is  now  in 
progress  by  the  degeneration  of  the  abdominal  and  inguinal  nipples;  it 
is  fair  to  assume  that  the  higher  monkeys  also  lost  their  aMoininal 
nipples  at  a  primitive  stage  of  development,  and  therefore  that  cases 
of  multiple  nipples  indicate  reversion  to  a  Iiower  Eot^ene  condition! 
Howes t  has  recently  completed  a  most  interesting  study  of  the  "in- 
tranarial  epiglottis,"  or  cases  in  which  the  epiglottis  is  carried  up  into 
tlie  posterior  nares,  as  in  young  marsupials  and  some  cetacea,  to  sub- 
terve  direct  iiarial  respiration.  This  has  now  been  observed  to  occur 
bf  reversion  in  all  onlers  of  mammals,  including  the  monkeys  and 
lemurs.  One  case  has  also  been  reported  by  Sutton  of  its  occurrence 
in  a  human  fetus.  Tliis  is  apparently  a  human  reversion  to  a  structure 
mnch  older  than  the  age  of  the  lemnrs. 

The  third  test  is  the  inverse  ratio  to  time.  It  would  seem,  a  priori, 
that  the  percentage  of  recurrence  of  atavistic  structures  should  decrease 
an  tbe  extent  of  time  elapsing  since  the  structure  disappeared  increases. 
This  law  is  apparently  established  in  the  case  of  the  condylar  and 
iDtercondylar  foramina,  and  if  we  esamine  all  the  tiercentages  which 
have  been  established  we  see  at  once  that  they  bear  a  ratio  to  time; 
compare  the  relative  frequency  of  the  ischio-pubic  (."iO  per  cent),  dorso- 
epitrochlearis  (.'>  per  cent),  and  levator-claviculie  {1.66  per  cent)  mus- 
Hes  with  the  jieriods  which  haveelapsed  since  their  past  service.  Thin 
in  why  it  is  so  important  to  establish  i>crccntages  for  all  our  atavistic 
organs;  fiiller  statistics  will  not  only  bear  npon  heredity,  but  I  can 
conceive  of  their  application  to  the  extremely  difficult  problem  of 
estimating  geological  time.    "VVe  must,  of  course,  estahlish  as  a  stuiid- 

'  >/oiirii<iJ  of  Jualotag  and  Phutiolttgfi,  1891.  ]>.  224. 
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rstablUhed  bv  ii«e  ami  <liKuse  uitoii  iiai'thnilar  stnictiirei*  in  tLc  parent 
aiv  in  soiiif  degree  transmitted  to  the  oft'siiriug  imhI  tliim  guide  tin- 
uiniu  i*niirscol'  variiitioii  and  lulaptatioii. 

Tlic,  se4»>ii(l  is  tliftt  all  jtarts  of  the  body  are  variable,  and  tlial  wher 
ever  variation^t take  a  dii-ection  favorable  (that  is,  adaptite]  to  tlie  Km- 
vival  of  the  parent  they  tend  to  be  preserved;  wliere  they  talie  the  oii- 
IMKtite  direction  they  tend  to  be  eliminated.  Thus,  iu  the  long  run, 
adaptive  Aariatious  are  actrunuilated  and  a  uew  type  is  evolved. 

It  is  evident  at  iiiu-e,  from  a  gbinee  over  the  facts  brought  forwanl 
in  this  lecture,  that  the  first  theory  is  the  simplest  explanation  of  these 
facts ;  that  use  and  disuse  characterizes  all  the  centers  of  evolution ;  tliiit 
eliauge.sof  structure  are  sloTfly  following  our  changes  of  function  or  hahit. 

But  while  the  first  explanation  is  the  simplest  it  by  no  lueaus  ful- 
hiws  that  it  is  the  true  one.  In  fact,  it  lands  us  in  many  dilficidtieM, 
so  that  I  shall  reserve  the  pros  and  cons  for  my  second  lecture  npoD 
heredity.  The  Laniarckiau  theory  is  ii  suspiciously  simple  explaua^ 
tion  of  such  complex  processes. 

LBOTDRK  II. — THE  IUFFIOULTIES  IN  TBB  HEREDITAEY  THKORT. 

Nnr  mii«i  ieh  iiopliranlN  bHoneii,  da»»  narli  nieiiier  AulTansiiiig  lier  Aiifang  oiner 
li»  erUlidiev  Almeicliuiigen,  uUn  aiicli  der  Eiiitntt  I'iner  iiont-ii  Art  olnr 
HgeKniiKcne  crwHrbenn  Abweichmig  undrnkbar  i»l. — ViiK'iiow. 

f  opinion. — The  above  quotatiou  fi'om  one  of  the  most  eniiiient 
CB  of  our  times  represents  the  unshaken  conviction  of  a  verj 
m  upon  one  side  of  the  question  of  transmission  of  acquired 
t'H,  which  is  met  by  equally  firm  conviction  upon  the  other  side. 
rt  Hpcncer,  whose  entire  system  of  biology,  psychology,  and 
bused  upon  such  transmission,  says:  "  I  will  only  a<ld  that, 
iig  the  width  and  depth  of  the  elTects  which  acceptance  of  ooe 
(f  these  hyimtheses  must  have  on  our  views  of  life,  mind,  morals, 
llcpi,  the  question  vliich  of  them  is  true  demands,  beyond  all 
^Htious  whatever,  the  attention  of  scientific  uien."*  This  shows 
icer  considers  the  matter  still  Kuhjutlicr,  and  lest  you  may  tliiiik 
liiging  l>efor)t  you  an  issue  in  which  learning  and  exi>erience 
u1  atfiiinst  ignorance  and  prejudice,  I  have  taken  some  pains 
ipiiiiilence  with  a  number  of  friends  abroad  to  learn  the  pres- 
nf  rii)inioii.  The  two  leading  English  and  French  authorities 
t  Kiibject  express  themselves  donbtftilly. 
'h  iiibid  in  still  wavering,  as  in  his  work  of  18Si>  he  says: 

irii|'i'''l'>i''^  (<*  ^^y  iD')!^  than  a  few  words  on  the  obscure, 
I,  iirtd  mnch'discassed  .subject  of  the  possibility  of  transmitting 

fiM'illtleM.  -  -  -  There  is  very  little  direct  e\idence  of  its 
'111  (ii(!COHrMfl  of  a  single  generation,  if  the  phrase  of 'a*'quir«l 
'  la  iiMid  In  perfect  strictness  and  all  inheritance  is  excluded 
lit  Ik<  I'cfcrred  to  some  form  of  natural  sele<'tion,  or  of  iiifectiou 

Ml,  »v  oCpccnIiarities  of  nurture  and  rearing."  t 


•  Kiiirtr.-Hlh  frntHi-y,  ISSO. 

I  \al«rat  Inhtritaffr,  1889,  p.  14. 
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Rjbot,  altliongli  in  ttie center  of  the  French  Lainarckiautt,  says :  *'Not- 
withfltAnding  thexe  fitcto  the  transmission  of  aciiniie^l  inodiflcatioiis 
appfitra  Ut  be  very  limited,  even  Trheii  occuriii^  in  Iwtli  of  the  parents." 

Gxt^ejitiiig  fruiu  Kollikm';  Him,  tho  Iteipaic  nuatoinist;  Pfliigei',  the 
phyniologist;  Ziej^ler,  in  pathology;  and  De  Vries,  m  Ixitany,  Weirt- 
uiann  has  not  found  much  sympathy  from  liiH  owu  couotrymeu  in  his 
oiiiiiion  "  that  aciiaired  characters  can  not  he  transmitted ;  -  ■  - 
that  there  are  no  proofs  of  such  tritnKmission,  thiit  its  ot^cnrrence  is 
tLeoreticiiUy  improbable,  and  that  wo  must  attempt  to  explain  the 
transformation  of  species  without  its  aid."'  Besides  Virchowt  and 
Eimer,!  llaeckel  has  expre«8c<l  himself  strongly  against  Weismann. 
My  colleague,  Prof.  Wilsim,  writes  me  (Munith,  December  31,  18iH) 
tliat,  while  Weismann's  moditied  theories  as  to  the  phenomena  in  the 
ffproductive  cells  arc  po'tty  generally  iu-eepted,  Ilei'twig,  Hofer,  Paully, 
lUiveri,  and  others  are  jironoanced  advocates  of  the  acquired-eharac- 
tertransmission  theory. 

Ill  Pans  Brown-8(;r|(ianl,  who  was  among  the  first  to  test  thispiob- 
leu  exi>eri mentally  by  observing  the  iuheritance  of  the  effects  of  nerve, 
lesions,  his  assistant,  Dupuy,  (liard,  Duviil,  Blanchai-d,  and  others  are 
oa  the  affirmative,  or  I^marckian  side. 

Physiologists  generally  have  fought  shy  of  the  <iucstian,  although  I 
thiuk  in  the  end  they  will  be  forced  to  tjike  it  uj)  with  the  muri>liolo- 
gjitu,  and  give  ns  the  physio- morphological  the<»ry  of  heretlity  4»f  the 
future.  Prof.  Michael  Foster,  of  Cambridge,  and  Prof.  Burdou-San- 
dereiHi,  of  Oxford,  Iwth  write  me  that  the  (piestion  has  hardly  come 
into  the  physiological  stage  of  inquiry  at  all.  Yet  in  England  Weis* 
KiDn  has  found  his  strongest  supporters  among  some  of  the  ?iaturalists : 
Wiillace,  Lankester,  Thiselton  Dyt'v,  Meldola,  Poulton,  Howes,  and 
Miiers;  wliile,  excepting  Windle.  the  anat^tmists,  including  Mivart  and 
Uwmm  Tait,  with  Sir  William  Turner  as  the  most  prominent,  are  all 
I^itiarckiaoB.  Huxley,  Romanes,  and  Flower  arc  said  Uy  be  doubtful. 
In  this  country  the  opinion  of  naturalists  is  directly  the  outgrowth  of 
tlie  eliiss  of  studies  in  which  each  happens  to  be  engaged.  So  far  as  I 
l^iiow  every  vertebrate  and  invertebrate  paheontologist  is  a  Lamarck- 
iiiD.^  f<ir  in  this  Held  all  evoIuti<m  seems  to  ftdlow  the  lines  of  inherited 
UM'  ami  disuse;  most  of  those  engaged  upon  invertebrate  zoology  iii- 
Hioe  to  follow  Weismann.  I  have  eonvcrs<;d  upon  this  subject  with 
niiuiy  physicians,  and  find  that  without  exception  the  transmission  ut 
au]nire<l  cliaractors  is  an  accepted  liict  among  the  profession. 

EiiKt  ^tatmiiott  of  till'  proljli'Hi.—ll   is  important    at    the   outset  to 

■L'loiosiscftta  Ci.-iitralblalt,  18?.S,  pii.Cj  and  07. 
'UbctdunTronHforuiismnn,  Ankivf.  ^lalhropoloijU,  l^il,  p.  1. 
J  Ornaiiin  llvolutioii,  u|»ni  the  Law  of  iDiioritancu  of  Au'|Uiro"l  Charactors.    TUbin- 
gen,  IKW.    TraiiH. 
tSeuUic  writiugiiuf  Hyatt,  Cupe,  Bydor,  DaII,  ISvult,  audutliurs. 


bvGtIOgIc 


n;ll      vm-M'.m  ru.'Ki.KM"  in  kvou-t.os  and  hereditv. 

■1  ■ivh  «'ii<'  *'  ******  *''*'*  '""*''  'i>*»I*»''l  '1  tlii«  diacuBsiMi, 

^'  .'  (  J  ^|,|,  ^,,,  ,\.(H»  (hal  Jh^  ry»oi*i:ariii"Oorgenii  cellstarenn- 

■   ii'".    .   1 1>\  111''-'-  .«*>•>*■  >^-~''' ^^«'^  '"  **"'^5.''tbat  inostimponaut 

'      1  A     u.'v    ■"  ^   ''  ■"'  ^^-  '•  *""'  *"'■  '"    — ■^'-'^  frH«  ehaiifies  of  fowl, 

"""       ,  t-   ■•  '■■-     '-^  ■■*"  •-'■^■■"1  ' '  ^luiiirHntt-  ■>£  cW  budy:  lUso  fhun 

.'_,  .,,  ,,  \^  ivk-\   >.  1^  ■•111'"  it~  »M*Miiif  diaj;  the  mierubes  may 

, .  -  ,^  .-,■  ■•-.  -'-■--  i*~  av   '.i-rr  — 'Ip-   ie  di»  twiiy;  from  aW 

',    .         ^  ,  .,    .1^    ..>  ...-.    1-  ."      ■.    >  ii-i  ■>!  ^JK  prutoplastn  of  tlie 

,,-    „.,v   v    ,  -^  .-  •>"..   " — .        _  ".    .ummriui  -i^^velopDieiit,  aiHl 

',      ,         ,    . :    ■    '■r^,-,^  ,.-:,^.     ~    T-|n-ti    I -^iLlIl  dt«   ou  thw 

. ,  „   ^ ,      .,-     .  -~.-  ■■■-     -■    .a  :HTifiiium!j-  modify  wll- 

.        .       -ir^.--,  1-  -,    '"»  -uimm  ■■«  r»rfart MKi. 

, :   -^  ■    •■•>•'    ^!    'nr  -npoily  iiKTe»siD{r 

^         ;,^  -       -  .-•■■(■  -tii:i    ui(-!iiiini>ti;L  .t>  p^o(l^^ 

■    -        :     ■  >      -v>,    11. li    -jli;     LLdrwrDtfS  nl 

' —    '.  "Ill- ruiichiW  o|wn  the 

^,   .      ■  ■        -  ...!i -ii-nimni/iuu  rhfgerm 

.-•i-   -r^:   ->. -:if  'Mily.wai- 

--.    -      -  -;  "*!'•  iiifivilir;ir^  -fuuartns 

,!,:iiu>  in  thtsf  htHi  -  .'.vL-'  -ar- 

^  ■  -      ;.  f.iri.  "tn;  rv-jl  iiii.--ri.a  i.*:  Do 

-.'■>:>    n  'Tiraiu  ln-iy  .■•fij*  of  the 

■■_-  ■  ;ii'-tt:  :h:it  tlit-y  r»-M[  [fur  Ticiir 

~,  ,  ■•.■^  ■     T<)  rate  a  •••■m-n-t.-  •-.tr*.  will 

-  |.     r-\t,-T|-4,r    iii.liri-.    lnri>.!.-    ;  .    tbi' 

■■!f  z'-nii  ct^ILi  whi-  :i  wj.fv-ien'-ilu.' 
_    ■  ■ "  :    > 'li  ill  any  ilejrrw  r*--ai>|i«Mr  iu 

■..,    .     fi",i;v  Tipiiii  the  Lamarvkian  [i>-polbe- 

-.  .:!..-  riiar  while  this  hyp<Kh«si^siin- 

I     ■■Ml    t  la  a  iitrrt'spoiMliu?  d«-i:iv«?  ivfHler» 

.11'  -t-;irv — tor  we  have  not  the  tirsr  ray  of 

^,.   .   ■    -.-■le--- involves.     There  is  u«  qiialitj- mow 

.■■^  >■-,>  -li.iii  i-omnion  himesty:  if  we  take  a 

^    ■■ii-i-'ineDres:  the  mure  we  rellei-t  a|ioa it 

,  ■,i.--^:aii  iHisitioa  beenmes. 

»    ,t-v    >•<    ■!>  1--^r  I'rierty  review  the  progress  of  the 

1    ^■•■   • :~  i—l  lo  to  rile  (iie>eDt  iliseussion.   Se«-oiMi> 

■i-r..  V  -.■■    11. 1    i;;:iiL!!-t  the.  LamarctiaD  theoij. 

•..     ■  .;  V  ■>-::.  u  can  explain  all  the  fiictsofcvoln- 

-    >,,!:.  :>■  "  "e  v'v:-Lt!;vi.'  lor  suth  a  cotitluiious  relation 

,.  ^  i.iii  j.'.r...  vvll;  J~  mtistexist  if  the  Lamarcktan 


t  ta'iiiable  summary  of  the  pust 
Ixulu-Q-ic^U  rrublutuB,  iltsa.    Tmu. 

D.D.t.zea  by  Google 


PRESENT    PROBLEMS   IX    EVOLUTION   AND   HEEEDITV.         335 

tbwiries  ot  heredity*  J.  A.  ThoiupHon  diHtingiiisli*^  three  ;;eiieral 
problems,  which  arenfteu  coiifuseil:  Ist,  What  characters  dintiagaiBb 
t-ho  germ  cells  Iroiii  other  cells  of  the  body!  IJd.  How  do  the  germ 
cella  derive  these  dj»tiiigaishiiig  charnctcrs!  ltd.  Itow  shall  we  inter- 
pret "particiilatt-"  iriheritaiice,  oi'  the  re-appearance  of  »iiigle  peculiari- 
ties ill  the  off»priugT 

The  various  theories  luay  be  grouped  under  two  heatis, "  fangeiiesiH 
III'  Gerui  cells"  and  "Continuity  of  (Jerui  cellrt"'  according  t«  the 
dominating  idea  in  ea^h. 

1.  Faugeiiesis. — Tlic  idea  iiervadiiig  paiigODesiu  wa»  first  expressed 
by  Democritus  tliat  the  "seed'""f  aniuialH  was  derived  by  contributions 
of  material  particles  from  all  ]ii)rts  of  the  bodies  of  both  sexes,  and  that 
like  parts  produced  like.  Two  thousand  years  later,  Bntfou  revived 
this  conception  of  heredity  in  his  "  Moleiuiea  organiques."  In  186i 
Herbert  Spencer  suggested  the  existeuce  of  "physiological  units," 
derived  from  the  l>ody  cells  of  the  part^ut,  forming  the  germ  cells  and 
then  developing  into  the  body  cells  of  the  offspring. 

It  is  interesting  to  note  the  coarse  of  Darwin's  thought  upon  this 
matter  in  his  published  works  and  in  his  '■  Life  and  Letters."  He  was 
at  first  strongly  opposed  to  the  views  upon  evolution  advancetl  by 
Buffon,  by  Erasmus  Darnin,  his  graudfatber,  expandeil  by  Lauiaick, 
ami  uow  known  as  Lamarekian.  itut  gradually  b<>eoming  convinced 
Uiat  his  own  theory  of  natnral  selection  could  not  account  for  all  the 
fikcts  of  evolution,  he  uuconscionsl.^-  l)ccanie  a  strinig  advocate  of- 
Liunarck's  theory,  and  aintriliut<-d  to  it  a  fcatine  which  Lamarck  had 
eiitirely  omitted,  namely,  a  theory  of  heredity  expressly  designed  to 
rxplaiu  the  transmission  of  aci|uircd  characters.  Darwin's  "provi- 
sional hyjKithesis  of  pangenesis"  fiwstulated  a  material  connection 
between  the  Iwdy  cells  and  gernicellsby  the  circulation  of  minute  buds 
from  each  cell;  each  body  cell  throws  off  a  "gemmule"  containing  its 
characteristics,  these  gemmnles  multiply  and  become  especially  concen- 
trated in  the  germ  cells;  in  the  latter  they  unite  with  others  like  them- 
selves; in  course  of  development  they  grow  into  cells  like  those  from 
which  they  were  originally  given  oil'.     (See  Fig  1,  Diagram  ii.) 

tialton,  who  has  always  been  doubtful  in  regard  to  use  inheritance, 
while  ndvaneing  a  theory  of  "continuity,"  partly  approved  Darwin's 
pangenesis  idea  in  the  cautious  statement :  '*  Each  cell  may  throw  oft  a 
few  germs  that  lind  their  way  into  the  circulation  and  tiiereby  have  a 
I'hauce  of  entering  the  germ  cells."  J  At  the  same  time  Cralton  contrib- 
uted very  imjwrtant  experimental  disproof  of  the  existeuce  of  "gem- 
mules,"  and  in  fact — of  the  popular  ideaof  the  circulation  of  hereditary 
characters  in  the  blood,  by  a  series  of  can^fiil  exiwrimeiits  upon  the 

-See  Priic,  IIo97sk.  l-:din.'.'l8»<,  p.  'jiT  '  ~ 

I  S(w,  .Inhiwlt  attd  J'lanH  iiKihr  llume«li'iiHoH,l>i1i,  voL  U,  p.  3111. 
llkntUnnpurari/  Jheiaie,  vul.  xxvu,  p.  CJO-tiS. 
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tmuMfuHion  of  bluod  in  rabbit^;  be  fntiml  tbut  tUe  bItKHl  did  notroo- 
vey  with  it  even  the  sIiRlttest  teiideiK-y  tu  tnuisfev  iionnid  cliuracter- 
iHtics  from  nue  variety  to  another. 


,  . ojt  lo  ttc  scimwlL 

null  gvim  culln. 

■  -  '      .  into  Mtmaropluni,  i  (fmoi 
^i:rui  cslli),  oatalilisliiiis  a 


Km,  v(  iUo  .l()bii:«  Hiijikins  TTuivcrsity,  then  contrtbute  and 
viil  Ititi  of  iHUi)iuuesi8  in  which  the  fimctioDsot'  the  ovaaud 
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ii|)eriii»lozoa  were  ttli^rply  differeii tinted.*  (I)  He  regarded  the  ovum 
as  a  cell  espvuiiilly  deAigaed  as  a  stwrehouBc  »f  hereditary  cUamuteris- 
tioi,  each  vharacteriatic  being  repi'eseiited  by  material  particles  of  some 
kind ;  thns  bereditary  vharacters  were  handed  down  by  simple  cell  divi- 
itioii,  each  fertilized  orum  giving  rise  to  the  body  cells  in  which  its  hered- 
itary characters  were  manifested  and  to  new  ova  in  which  these  charae- 
Wffl  were  conserved  for  the  next  generation  (this  purtioii  of  Brooks's 
theory  is  very  similar  to  Ualtou's  and  Weismann's).  (2)  The  body 
cells  have  the  power  of  throwing  off  "gemmuleH,"  but  this  is  exercised 
mainly  or  exclusively  when  its  normal  functious  are  disturbed,  as  in 
inetatrophic  exercise  or  under  change  of  environment,  (.3)  Theae  gcm- 
□lules  may  enter  the  ovum,  but  the  spermatozoan  is  their  main  center. 
According  to  this  view  the  female  cell  is  rather  conservative  and  the 
niiile  cell  progressive;  the  union  of  these  cells  produces  variability  in 
ibe  offspring,  exhibited  «8i)ecially  in  the  regions  of  the  offopriug  cor- 
responding to  the  regions  of  fanctioiial  disturbance  in  the  parent. 
This  hypothesis  was  well  considered,  an<l  while  that  feature  of  it  which 
distingaisbes  the  male  and  female  germ  cells  as  different  in  kind  has 
b6endisproved,andthe  whole  conception  of  gemmulesis  now  abandoned, 
the  bet  still  remains  that  we  shall  nevertheless  be  obliged  to  offer  some 
hypothesis  to  explain  the  facts  disregarded  by  Weismann  for  which 
Brooks  provides  in  his  theory  of  the  causes  of  variation. 

.i.  Continuity  of  germ  cells. — The  central  idea  here  is  an  outgrowth 
of  oar  more  modern  knowledge  of  euibryogenesis  and  histogenesis,  and 
Ih  therefore  comparatively  recent;  it  is  that  of  a  liindanicntal  dis- 
tinction between  the  "germ  cells,^  as  continuous  and  belonging  to  the 
nee,  and  the  "body  cells,"  as  belonging  to  the  individual.  Wei-smann 
iia  rehned  and  elaborated  this  idea,  but  it  was  not  original  with  him. 
Richard  Owen.t  in  1849,  Haeokei,]:  in  1866,  Kaaber,§  in  1879,  in  turn 
dwult  upon  the  distinction  which  Dr.  Jaeger,  now  of  manufacturing 
lame,  first  clearly  stated : 

"Through  a  great  series  of  generations  the  germinal  ptx>topla8m  re- 
taiutt  [t»  speeiHc  pi-operties,  dividing  in  every  reprodm-tion  into  an 
ontogenetic  portion,  out  of  which  the  individual  is  built  up,  and  a 
pUylogenetic  portion,  which  is  reserved  to  form  the  reproductive 
material  of  the  mature  offspring.  This  reservation  of  the  pliylogenetic 
material  I  described  as  the  continuity  of  the  germ  protoplasm.  -  -  - 
Encu|i8uled  in  the  ontogenetic  material  the  phylogenetic  protopIaHin 
iH  Hhelteretl  from  external  influences,  and  retains  its  .'^pcritic  and  ein- 
hryonic  characterrt."  The  latter  idea  has,  ntidcr  Weismann,  been 
exiiaiided  into  the  the^try  of  isolation  of  tlie  gcim  cells. 
Qalton  intiTxIuced  the  term  "stir[>"  t<>  express  the  huiu  total  of 
•  The  Uir  of  Meratity,  1SS3. 

IHe^  I'urthenugeneHis.  hi  bin  Analniaff  of  f'rrtebraUi.  . 
,'  Genimlle  Morpholoyir.  ml,  it,  p.  170. 
iZool.  Am.,  vol.  i.\,  |..  IW. 
H.  Mis.  114^ Sy.  D,a,„zeab,C,OOglC 
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hereditary  organic  units  contained  in  the  fertilized  ovtUD.  His  ex- 
ception of  heredity  nan  derived  from  the  8tudy  of  man.  and  he  sup- 
ported the  idea  of  continuity  in  the  germ  cells  in  order  to  account  for 
the  law  of  transmission  of  "latenf  characters;  it  is  evident  from  this  i 
law  thatonly  apartof  the  organic  units  of  the  "stirjt"  become  "patent?  , 
in  the  individual  body;  some  are  retained  latent  in  the  germ  cells,  ami 
bi>coni<;  patent  only  in  the  next  or  some  succeeding  generation  For 
example,  the  genius  for  natural  science  was  "patent"  in  Erasmnn  Dar- 
win, grandfather  of  the  great  natmalist,  it  was  "latent"  in  his  8od, 
and  r(Mi)i]>e<ired  intensified  in  his  grandson,  Charles  Darwin.  1  liftvo 
elsewhere*  summed  up  us  follows  Galton's  general  results,  which  s» 
remai'kably  strengthen  the  "continuity"  idea:  We  are  nmde  a|),  bit 
by  bit,  of  inherited  stracture.s,  like  a  new  building,  composed  of 
fragments  of  an  old  one,  one  element  fW)ni  this  progeuitor,  anotfaci- 
fh>m  that,  although  such  elements  are  usually  trausmitteil  in  gi-oniis. 
Ihc  hereditary  congenital  cxiDstitution  thus  made  up  is  far  stronger 
than  the  influences  of  environment  and  habit  ni>on  it.  A  large 
portion  of  our  heritage  is  unused,  for  we  transmit  peculiarities  we 
ourselves  do  not  exhibit.  The  contributions  from  eaeh  ancestor  i'hd 
be  estimated  in  numerical  pro{>ortions,  whicli  have  been  exactly  d«tn- 
niine<l  from  statistics  of  stature  in  the  Knglish  race;  thus  the  con- 
tributions from  the  "  patent "  statiu-e  of  tlie  two  parents  together  coi- 
stitute  one-half  wliile  the  ciuitrihutions  by  '-latent'"  heritage  from  the 
graudx>ai'eiits  constitute  one-sixteenth,  etc.  One  of  the  most  importaut 
demonstrations  by  Galton  is  the  law  of  regression;  this  is  the  factor  j 
of  .stability  in  race  type  which  acts  as  gravitation  does  upon  the  pen-  i 
duluni;  if  an  individual  or  a  family  swing  far  from  the  average 
charavteristics  of  their  race,  and  display  exceptional  physical  '>r 
mental  qualities,  the  principle  or  regi'ession  in  heredity  tends  to  draw 
their  ofi'spring  back  to  the  average. 

Now  how  shall  wc  distinguish  regression  from  reversiont  Very 
clearly,  I  think;  regression  is  the  short  pull  which  tends  to  drawevery 
variation  and  the  individual  as  a  whole  back  to  the  contemporary  typ- 
ical form,  while  reversion  is  the  long  pull  which  draws  the  typical  form 
of  one  gencBition  l)ack  to  the  typit^al  form  of  a  very  much  earlier  gen- 
ciittion.  These  tbrccs  are  evidently  akin,  and  in  the  shades  of  traiifr  ' 
ition  from  one  tyi>e  to  another  we  would  undonbte<ily  And  a  c^nistant 
diminution  numerically  in  tint  recurrence  of  characters  of  the  oldiT 
type,  and  thus  "regression"  wonld  pass  insensibly  into  "reversion.'' 

Weismaim  has  canied  the  i«lea  of  contiinilty  to  its  extreme  in  his 
siniidc  and  beautifnl  tlicory  of  heredity,  which  is  founded  u)>on  the 
postulate  that  there  is  a  distinct  form  of  pix)topla«ini,  with  definite 
cheiniod  and  molecular  propci'ties,  set  apart  as  the  vehicle  of  inherit- 
ance: this  is  the  germ  plasm,  W,  ouite  separate  from  the  protoplasm 
of  the  body  cells  or  s<unatophism.  S.    Congenital  characters  arising  iu 


■  Muuihls.  Mnn-h,  1891,  p.  3gsl.;^)^„>|^^. 
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tlic  h-eriucells  are  cnUed  blaatogeiietic,  while  acqnired  characters  arU- 
ing  ill  the  body  cells  are  ^omatogenetit;. 

To  clearly  understand  this  view,  let  ub  follow  the  bietoiy  of  the  fer- 
tilizetl  ovnni  in  the  formation  of  the  embryo.  It  first  divides  into  soma- 
to-plaem  aod  gertn-pl»8ni  (see Fig.  1,  Diagram  iii),  the  former  supplies 
all  the  tissaes  of  the  body — n,  «,  m,  d,  v,  nervous,  mnseular,  vascular, 
tligestive,  etc. — with  their  quotii  of  hereditary  structure;  the  reBtdual 
germ-plasm  in  kept  distinct  thi-ougbout  the  early  process  of  einbryonie 
cell  division  until  it  enters  into  the  formation  of  the  nuclei  of  the  re- 
prvduetive  cells,  the  ova  or  Hpermatozoa.  Here  it  in  isolated  from 
irhKDf;e-B  of  fauctioo  in  the  somato-pliism,  and  in  common  with  all  other 
protoplasm  is  capable  of  nnliniitod  growth  by  cell  division  without  loss 
w  deterioration  of  its  past  store  of  hereditary  properties;  these  prop- 
trties  are  lodged  in  the  nucleus  of  each  ovum  and  spennatozoau,  and 
tliese  two  cells,  although  widely  different  in  external  accessoiy  sti'uc- 
tore  (because  they  have  to  play  an  active  and  passive  part  in  the  act 
of  conjugation),  are  exactly  the  same  iu  their  essential  molecular 
stnctore,  autl  the  ancestral  characters  they  convey  differ  only  because 
tbey  (M>nte  along  two  different  lines  of  descent.  When  these  cells  nuite 
they  otrry  the  germ-plasm  into  the  body  of  another  individual.  Thus 
the  somatoplasm  of  each  individual  dies,  while  the  geriu-plasm  Ih  Im- 
mortal; it  simply  shifts  its  abode  from  one  generation  to  another;  it 
roDHtitntes  the  chain  f^m  which  the  individuals  are  mere  ofl'shoots. 
Tbos  the  germ-plasm  of  man  is  contiimous  with  that  of  all  aucestorH 
ID  his  line  of  descent,  and  we  have  an  explanation  of  the  early  stages 
obterved  in  development  in  which  the  human  embryo  passes  through 
>  wuxessioa  of  metamorphoses  resembling  the  adult  forms  of  lower 
irpes. 

In  order  to  em|>hasize,  as  it  were,  the  passage  of  the  germ-plasm 
fitmi  one  generation  to  another  without  deteriorutiuu  iu  it«  marvellous 
hereditaiy  powers,  Weismann  added  the  idea  of  its  isolation.  Not  only 
does  he  repudiate  tlie  pan;;enesis  notion  of  increment  of  germ-phtsni 
by  addition  of  gemmules,  but  he  believes  that  it  is  unaffected  by  any 
nfthe  normal  changes  in  the  sumaticorbuily  cells.  As  this  continuity 
ami  isolation  would  render  impossible  the  transmission  of  charactera 
^iqiiired  by  the  somatoplasm,  Weismann  began  to  examine  the  evi- 
■lence  for  sach  transmission,  and  coming  to  the  coni^ltision  that  it  was 
iUKuflicient,  iu  his  notable  essay  on  "  Heredity,''  in  1HS3,  he  boldly  at- 
lecked  the  whole  Lamarckian  theory  and  has  continued  to  do  so  in  all 
his  Kubsequcut  essays. 

Being  forced  to  explain  evolution  without  this  fai:tor,  he  claimed 
that  variation  in  the  germ  plasm  was  constanly  arising  by  the  union 
of  plasmata  fh>m  diBereut  lines  of  desceut  in  fertilization,  and  that 
tliese  variations  are  constantly  being  acted  upon  by  natural  selection 
to  produce  new  types.  He  thus  rerivod  Darwin's  earlier  views  of 
i^Tolution,  and  this  in  part  explains  his  strong  support  by  English  iiat- 
urahate. 
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It  will  be  seen  at  ouce  that  there  tire  a  uumber  of  distinct  iiuestions 
involved. 

Tlie  matterol'  ttrst  importauee  iu  life  is  the  it'petJttou  ftiicl  preseiratiou 
of  ty|)e,  the  principle  which  insures  the  unerring  accuracy  and  preci^on 
with  which  complex  organe  are  built  up  from  the  germ  cella;  the  force 
of  regression  and  the  more  remote  forces  of  reversion  all  work  in  this 
conservative  direction ;  the  theory  of  the  preservation  of  these  forces  in 
It  siiec^itic  and  continuous  form  of  protoplasm  is  by  far  the  most  plansi- 
ble  we  can  ofiitr  nt  present. 

The  matter  of  second  importance,  but  equally  vital  to  the  prc»er\'a- 
tiou  of  raccH,  iu  the  long  ran,  is  the  formation  of  new  types  atlapted  to 
Dew  circumstances  of  life.  1  shall  now  attempt  t«  show  that  the  focte 
of  evolution,  while  not  ioconsiBtent  with  the  id4'a  of  continuity  of  the 
germ  plasm,  are  wholly  at  variance  with  the  idea  of  its  independence, 
Bcparation,  or  isolation  &otn  the  functions  of  the  body.  This  can  be 
done  by  proving,  tirst,  that  the  theory  of  evolution  solely  by  natnral 
selection  of  chance  fuvoi'able  variations  in  the  germ  plasm  is  inade- 
quate; second,  that  the  inheritance  of  definite  changes  in  the  somatic 
cells  in  also  necessary  to  explain  evolution,  and  therefore  there  must 
exist  some  form  of  force  or  matter  which  connects  the  activities  of  the 
somatoplasm  with  those  of  the  germ  plasm. 

In  the  following  table  are  placed  some  of  tlie  facts  of  human  evoln- 
tion  which  we  have  observe<l  in  the  first  lecture,  and  as  they  are  iiart 
of  inheritance,  they  also  constitute  the  main  external  pheuoineita  of 
heredity: 

PktnoMeiia  o/  ktredily. 


Con»erv»tive  (loward  pul  type),  N»liii«l.  l^inMiiTe  (Mvirrt  fntan  type). 


a.  KrpcUtiou  of  parenUI  type. 

b.  KegriMaion  (iD  many  climrtp 

conlemporary  rare  type. 

c.  Revrralon  miAlnly  In  oInRlr  el 


I.  I>DfiDi(«TarlAliop  in  BloKlech 
ten.  by  accumulation  =. 

i,  DadDitti  vnrinlion  In  miny  ■  h 
Id™    (rram    contenipoTuy 

tyi*)- 


What  are  caiu«cR  of  theite  various  phcnomenat 

Ftuilora  of  evolution. — The  term  "  kinetogenesis "  has  been  applied 
to  the  modem  tbrin  of  the  Lamurckian  theory,  tor  it  is  an  api>Ucutioii  uf 
kinetic  or  mei-haniciil  |>rinciplcH  to  the  origin  of  all  structures  such  u& 
teeth, bone, and  niui4(.-Ie.  It  would  be  fatal  t^i  this  theory  if  it  t-ould  be 
shown  that  the  changes  biking  place  in  course  of  a  normal  individual 
life,  under  the  laws  of  use  and  disuse,  are  inadaptive,  or  do  not  corre- 
spond t4i  those  observed  in  the  evolution  of  the  race. 

The  relative  growth  of  Organs. — Ball,*  in  his  long  arguniuiit 
against  Ijaman'kianism,  i-lain>R  that  sncb  is  the  case,  and  that  use 

•  Op.  dt.,  p.  1297        DC,    ZeCbyGtlOglC 
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iiihflritanro  would  be  an  actual  evil:  ■•Bones  would  often  be  lutKlifled 
ilisastmiiiUy.  ThuH  tlie  condyle  of  the  1miu>»ii  jaw  would  become 
larger  than  the  body  of  the  Jaw,  l>ec-^aHe  an  the  falcnim  of  the  luvcr 
il  receivcft  mon-  pressun*.  Some  organB  (like  the  heart,  wliieh  is 
altrays  at  work)  would  become  inconvenieutly  or  unnecessarily  large. 
UMier  absolutely  indiispenHablR  oigaiin  which  are  comparatively  ]iaH- 
Hive  or  are  very  seldom  used  would  dwiudle  until  their  weakness 
caused  the  ruin  of  the  individual  or  the  extinction  of  the  specieB." 
He  later  citea  from  Darwin*  the  "Keportof  the  United  States  Com- 
mis-sion  ii))on  the  Soldiers  and  Sailors  of  the  Jjate  War,"  that  the 
longer  le^s  and  shorter  arms  of  the  sailors  are  the  reverse  of  what 
sbonld  result  from  the  decreased  une  of  the  ]egs  in  walking  aud 
initreaaed  use  of  the  anus  in  palling.  A  little  reflection  on  Mr.  Ball'M 
l>nrt  would  have  spared  us  this  crude  objection,  for  whatever  difticul- 
tiex  may  arise  from  theoretical  speculation  as  to  the  laws  of  growth, 
or  from  .stati.stie»,  the  fact  remains  that  activity  mn^t  iucreiiKC  adapta- 
tion iu  every  part  of  the  organism;  otherwise  the  runner  and  the 
trotting  horse  should  be  kept  off  the  track  to  increase  their  speed, 
tlie  pianist  should  employ  as  little  linger  exercise  as  {tossible.  If  the 
growth  tendencies  in  single  organs  are  transmitted,  it  is  evident  that 
the  adaptive  ai^justments  lietween  these  teudencicH  will  also  be  trans- 
mitted. 

The  Feet. — In  point  of  mechanical  adaptation,  man,  with  the  single 
exception  of  lu!4  thumb  and  forearm,  bas  not  progressed  l>eyond  the 
moMt  primitive  eocene  qna<lroped.  The  laws  of  evolution  of  the  foot 
in  the  ungulate  or  hoofed  animals,  which  have  been  especially  studied 
by  Kowalevsky,  ilyder,  (3ope,  and  myself,  affords  a  conclusive  deni- 
oostnition  that  the  skeletal  changes  in  the  individual  coincide  with 
tliose  wh><;h  will  mark  the  evolution  of  the  race.  In  the  earliest  un- 
gulates the  carpals  and  tarsals  are  disposed,  as  in  man,  directly  above 
«ach  other,  with  serial  joints,  as  in  diagram  A,  Fig.  2;  in  the  course 
»f  evolution  all  these  joints  became  interlocking,  as  iu  diagram  H, 
Fig.  3;  thus  producing  an  alternation  of  joints  and  surfaces  similar  to 
tlnige  which  give  strength  to  masonry.  In  studying  these  facts  Oopet 
rea^-hed  a  certain  theory  as  to  the  motion  of  the  foot  and  leg  in  loco- 
motion. In  trjing  to  apply  this,  I  found  it  could  not  be  harmonize<l 
with  all  the  facta,  aud  I  worked  out  an  entirely  different  theory .{  This 
I  found  subsequently  coiiicide<l  exactly  witb  the  results  previously 
nbtaiueil  by  Muybridge,  by  the  aid  of  instantaneous  jihotographs,  and 
Hominarized  by  Prof.  Harrison  Allen,  of  the  Kniversit;  of  I'ennsyl- 
fania.^ 

The  fflODodactylism  of  the  liorse  was  attained  by  the  atrophy  of  the 

■  Iktml  of  Mm,  p.  32. 

t  AmtriMH  XaUralM,  ItWT,  p.  96fi. 

t  Sra  Tram.,  of  Anttriaia  rkUoiopkiml  StMitlg,  1S89,  p.  !>61.     1'liila<lpl|i]iia. 

(The  Hn;briilg«>  Work  at  t)ip  ITiiivnntiCv  nf  PentrnflviiaiA.     Philwlt-lphin.  IKBtJ. 
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lat«nil  toes,  uml  coiiceiitratioo  of  the  major  axis  of  body  weight,  and 
strain  npoii  the  iiiidtlle  liii;;<'r  anfl  tne.  Man  in  iiIko  trading  towanl 
niftnodactyliBDi  in  the  font  by  the  esbibliRhment  of  the  major  aim 
t)iroiif;li  the  large  toeaod  atrophy  of  the  outer  toew.  The  [treseiit  atro- 
phy of  our  sniail  toe  is  as  good  a  parallel  as  we  can  find  of  the  changes 
whieh  were  oc<-iirring  in  the  eocrerie  |>eriod  among  tlie  ancestors  of  the 
horsp. 

The  Teetli. — But  lintt'  abont  the  t««th.  in  whirh  there  is  an  absnlate 
loss  of  tisane  in  conseqnt'iiee  of  nseT  This  ia  another  objection  raise<l 
by  Ball,  Ponlton,  and  othen,  which  disap|>ears  npoii  examination. 

The  dental  tisanes,  while  the  hardest  in  the  Iwdy.  anil,  unlike  Irane, 
incajHtble  of  self-repair,  are  not  only  both  lining  and  seusitivr,  but,  tu 
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a  very  limited  degree,  plastic  and  cajtable  of  change  of  form.  Ex 
hi/pothegi,  it  is  not  the  growth,  but  the  reai'tion  tendency  which  pro- 
duces the  growth,  which  is  transmitted.  The  evolution  of  the  teeth, 
therefore,  falls  into  the  same  category  as  bone,"  lu  the  accomiknn.Wng 
figures  I  have  epitomized  the  slow  ti-aiisfonnation  of  the  single-farig«l 
conical  reptilian  tooth,  snch  as  we  set'  in  the  serpents,  iub>  the  Iot- 
crowned  hnman  grinder..  We  now  know  all  the  transition  forms,  so 
that  we  can  homologize  each  of  the  cusps  of  the  human  molar  with  itK 
varied  ancestral  forma  in  the  line  of  descent.  For  example,  the  anterior 
lingual  or  iuner  cusp  of  the  upper  true  molars  traces  its  pedigree  buck 
to  the  reptilian  cone.  Tlie  imt<*rior  triangle  of  cusps,  or  trigon.  aei^n  i" 
the  mesozoic  mammalia  and  i>ereisting  in  the  first  inferior  tnie  molar 
(»f  the  modern  dog.  is  still  seen  as  the  main  i>ortion  of  the  crown  of  the 
*"•""■!  upp»'r  molars  [pr,  pa,  me).    To  this  was  added,  ages  agi>,  Ilif 

ipi-i-iiilt>  thi-  pHiHTs  of  KyiliT.  L'o]>o.  uod  the  writer.  "  Evoliilioo  or  Mam- 
olnn  to  and  from  tlie  Tritulierrular  Type."  Jnteriea*  y«luralitl.  1B89. 


PRESENT    PROHLEM8    IN    EVOUITION   ANII    HKIiEDITV.         ^43 

posterior  lingaal  caap,  ui*  liypoconc,  wliieli,  an  €ope  liat*  hIiowii,  In  ex- 
liibited  in  various  .degrees  nf  dcvelopiiietit  in  iliftereiit  tm-ch  aixl  \h  an 
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KrftLmon  oy  thk  rrsF»  ii?  thk  hihax  i^hvkk  tioi.AB.— bH,  jirMornnid  (unlerinr  hncral  rnnpi; 
fj'jBraeniiirt ;  bu^,  metnroiiid  tnnlori"r  linK'ial  ruBpl;  Av',  nvporunlil  (pwlfrior  blicmll:  *h^.  miIo- 

liummB  3-5.— MeKKftii-  niainionU.'flr«t  lower  iiiolarii  shnwingriBf  iiT  aui'mlral  cdopii.  Uicrnin  0?— 
&Ktme  Mmtvore  (miaeit),  showiDB  how  the  low  tnbiTniilar  crown  ia.-t  ia  deriveil  fitmi  tliB  liiKh  rnivtn 
"I-  I»i«raiu  7,— Eoo'DV  monkr-y  {.InaptamerDhvt).  sbowiDS  linwtbc primltlvo  unterlor IlDijunl  •ii'f 
ii^dluppcan.    IMaeranif llamHii  antaiuUr  n-ltb  IM  anresiral  oiiB]m. 

im|)ortant  i-aoe  index.*  A  ftlauuc  tliroiiKb  tlie  diafriauis  sliows  tliat 
tlie  development  of  the  crown  lias  Ix'cii  hy  tlie  Hiicrcssivc  additinii  oi' 
new  cnapN.     Without   ent^riiifr  ujioii  tlic  details  of   evidence,  wliicli 
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^oiild  l>e  iiut  of  plaee  bere,  I  may  »ay,  briefly,  that  the  new  main  enapn 
liiive  developwl  at  tlie  points  of  mitximuin  wear  (i,  e.,  iiw),  and  ccm- 
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unuMit  negnxjH  tliey  ^ri<  wjiiartt  (il 
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'■';'"l.i   ill  lliotloiiCHvJrMiMM  iif  Imit  crown,  ilJKiise  fon^sliailowMfttroiiliy 
^Hii|  iliMtiiiitvu-^in-VL 

I  j'lm  *>»v  '♦I'if.'itv  "V  -.  I  -4*^w  •Kwpckms  wbit-li  wi-  <i<i  not  at  i>rci«nt 
\tii\lvs>.;.*:;  J_  i.iH  tvorr^  tr  — -titiniKi  <»f  the  teetli  wapportK  the  pvi- 
vW  ^v  •,.'rw^  Tiiu  ~iitt -^ft^.m  :±ac.  whether  any  tnie  oaiinal  Matioti 
'i.i.-  ,\.-v.>^  (1-  Mtf,     tr  jnt~-  >i   u«iiviihial  tnuisfonimtioii  in  tlienhale 
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1  ->     i-,;;   -^ —  ^  -   11^  lit  l*T.  Arbathitnt  Liuie  ii  ino.^t 

■— -  -1  -i-y:.--  -.pt-n  t.n?  inllnericea  of  rariaaH  ownpa 
::iiii.:  ■..<■  I-V  rpives  i-oncluaively  tliat  il)diTJilii;il 
■-.  ■■-.«-■  T-i  -cprnQd  modifications  in  the  proportions 
-.ii^-^  'ic:  r  s*  r:?*-  to  entirely  new  structures. 
>ti>>  •<!.  -.1  !■  .c^  .n' a  shoemaker*  rHowb  tliat  the  lifelong 
X.  ...-•.. a>  — ^Hi«  proilace  a  distinct  type,  which  il'es 
:^i-i;   *r,»!idard   would    be  unhesitatingly  pn> 

.    -t-v.  I- *<»M**  titrtoriiu.     The  p^ychologieal  aiiai.V^i' 

—   1-  "^a.,.»r  wiudd  tlraw.  showing  the  influences  of  tbe 

.  -,t..i«.r  itn'ii  cue  spirit  of  this  little  tailor,  could  uol  bv 
;.ia  ''t  [..ine^s  analysis  of  his  l)ody.  The  beut  form. 
■  .iii.«  ,i:i.i  ii.'r*Iiuger  action,  and  peculiar  Jerk  of  tbe 

* .  I-  ■!,■  tiirvwl.  are  the  main  features  of  sartorial  habit. 
..*  ••ii:\  ;*  lew  of  the  results:  The  ninscleo  tended  b> 
ifii.-s.  .lit.I  the  lH>Hy  surtacea  into  which  they  were  in 
,.  ii»»  iu  the  dire»'tion  of  tbe  traction  which  tlte 
iivu  ;hetu.  The  articnlation  between  the  steriuim  anil 
i  vi'«\ectwl  into  a  very  complex  arthrodial  Joint,  con- 
,  X  ;;>;i^l^motd  articuiatiou.  The  sixth  pair  of  riltf 
I  ;.'  liie  lnHiies  of  the  vertebne,  indicating  that  tbc.v 
.>»•  and  fall  with  sterual  breathing,  and  that  resprra- 
;  i-M-Iusivt-l}"  diaphragmatic.  The  region  of  the  head 
ctv't'ne  i**"  the  ue«-k  was  still  more  striking:  tbe  trans- 
:  I  he  ri^ht  sidt>  of  the  atlas,  toward  which  the  head 
i«v(  A  iK'w  artieulation  with  the  under  surface  of  the 
v-t  the  *'*v>i»ital  bone,  -a  small  synovial  cavity  snr- 
iu;i\xl  aruciilation.  but  there  waa  nn  appearance  of  u 

',  ».»•.  '      <*>'■'<»■.*  •■■•'  l1i)*iolog^,  1S88,  p.  595. 
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capmiltu-  ligunient;"  tli«  left.  Imlf  of  the  axJH  woh  iinitol  hy  Iioiip  to 
tlie  ciirnvt ponding  }M>rtioii  of  tlie  thini  rerviral;  tUf>r(^  was  fnnnd  u 
new  upward  praloneiiHou  of  the  odontoid  peg  of  tlu^  axiR,  itnil  n  new 
ticceiwory  tnuiBverse  ligament  to  keep  it  from  pressing  npon  tlie  cord. 
IiiHhort,  "  the  anatomy  of  tlie  nlmemaker  represents  the  fl\ati»ii  and 
'•alH«4]ueut  exaggeration  of  the  ))nRition  and  tendemrieH  to  oliange 
which  were  present  in  Ids  body  when  he  as8ume<l  the  jmHition  tor  ti 
short  period  of  time. 

Kate  of  inlieritance. — This  illiiBtration  server  iilmi  to  emphasize  the 
great  contrast  Itetwcen  the  rapidity  of  indivitlual  transformation  and 
llie  niowness  of  race  transtbrmation.  No  one  wonid  expect  tlie  son  of 
tliia  flhoetnaker  to  exhibit  any  of  these  acquired  malformations.  Yet 
I)r.  Lane  thinks  he  has  observed  such  effects  in  the  third  generation 
hy  the  sammation  of  similar  inflneuces. 

All  palieontological  evidence  goes  to  show  that  the  effH'ts  of  normal 
iiAhits,  if  transmitted  at  all,  would  be  entirely  imiwnreptiblo  in  one 
;:trDeration,  The  borso,  for  example,  has  not  yet  completely  lost  the 
lateral  toes  wbicli  became  useless  at  the  end  of  tlie  L'pper  Eocene  i)erio<1. 
This  objection  as  to  rate  of  evolution  maybe  urged  with  ei^ual  fon'c 
nsrainst  tlie  natural  selection  theory.  It  is  obvions  that  the  active  pro: 
sresKive  principle  in  evolution  {whatever  it  is),  must  contend  with  the 
viiorniouK  conservative  power  of  inheritance,  and  this,  to  mj-  mind,  is 
uiieof  the  strongest  lu'goments  against  the  iK>ssibilitieB  of  the  rise  of 
adaptive  organs  by  the  selwtion  of  chance  tiftvorable  variations  in  the 
^rm  ]ilasm. 

ApplicaliuK  to  huiuan  erohition. — I*rinciples  underlying  these  illus- 
tntious  may  now  be  applied  to  some  of  the  facts  in  bumau  evolution 
liroQglit  out  ill  the  first  lecture.  They  show  that  if  functional  tenden- 
'■M  are  transmitted  we  can  compreheml  the  distinct  evolution  history 
if  each  organ;  the  rise  and  fall  of  two  organs  side  by  side;  the  definite 
»nd  [inrposive  character  of  some  anom^ies;  the  increase  of  variability' 
ill  tbe  regions  of  most  rapid  evolution ;  the  corfelatioii  of  development 
balance,  and  degeneration  in  the  separate  organs  of  the  shoulder,  hand, 
and  foot. 

Yet  even  granting  this  theory  there  still  remain  difficulties.  The 
relation  of  use  and  disuse  to  some  of  the  contemporary  changes  in  the 
liutnan  bat^kbone  is  rather  obscure.  I  would  hesitate  to  pronounce  an 
'ipinioii  as  to  whether  our  present  habits  of  life  are  t^-nding  to  shorten 
tlielambars,  increase  the  spinal  curvatures,  and  shift  the  jielvis  witli- 
unt  making  an  exhaustive  study  of  human  motion.  Among  the  intlu- 
••iicea  which  Pr.  Lane  has  suggested'  as  operative  here  are  the  wear- 
))ie  of  heeled  shoes  and  the  increase  of  the  cranium.  He  considers  the 
additional  or  sixth  lumbar  vertebra  as  a  new  element  rather  than  as  a 
reveniion,  and  works  oat  in  some  detail  the  metrbanical  cffect><  of  the 


'JoHmal  of  Amatoms  nmit  I'lgtioiogf,  1S88,  p.  219. 
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)>n<MMiit>  tir  the  tVtiis  iijion  femalf  r«-H|>iratioD  (i.  e.,  in  the  stenial  re- 
uto'i)  iiiu)  upon  the  |H^lviH.  Now,  if  it  be  tnie  that  the  pelvin  is  larger 
III  tlir  hitrlxT  raceH  tlinn  in  the  lower,  I  do  not  think  that  Dr.  Lane  can 
HiiNttiiii  hlH  point,  hecaUHe  iti  the  lower  races  the  fetas  ia  ciuried  for  au 
«i]Hitlly  loutc  iwrioil,  during  a  much  more  active  life,  aud  in  a  more  con- 
thmonitly  er<H't  {jomtioii.  Therefore,  if  these  nie<;hauical  principles 
wi'ii'  o|Kim(iufc,  the  {lelviH  in  the  modem  lower  races  should  he  lar{;er 
thttn  ill  th»  higher.  (>u  the  other  hand,  the  form  of  the  feiunle  pelvis 
III  thi>  higher  races  in  one  of  the  best  established  selecting  or  elimiiiHt- 
liiK  IWloi-H,  II  hir([e  pelvia  favoring  frequent  births  and  the  presi-rva- 
(loii  of  thowi  fduiily  stlrps  in  which  it  occurs.  I  mention  this  t^  ^uir 
liou  oiiiilioiiM  wc  must  be  in  jumping  to  conclusions  as  to  kinetv^renesis.  j 

Tli><  truiisttu'inlsm  in  all  the  external  features  of  the  skull,  jiiwi<,  inul 
liH'tli  liwy  l>»'  rtllribnttHl  to  inherited  tendencies  townrd  hyperlr«|>liy 
lit'  iitittphy !  hut  how  alHuit  the  convolutions  of  the  tnrbinal  boiicH  or 
(Uii  H>iii|iU<\  ilovelopmeiit  of  the  semicircular  canals  aud  cochlea  of 
\\w  iiiltnniil  I'ur  luul  the  uiiiny  i-enters  of  evolution  which  are  bejiiml 
tint  iiiHucUiH^s  of  utie  and  disnseT  These  are  examples  of  stnictiiw 
which  U'vliiy  Wcisinann's  contention,  for  if  complex  organs  oflliis 
iiliiU'iiolor  out!  only  be  wcounted  for  by  natural  selection,  why  consiilw 
selection  iniulequtite  to  account  for  all  the  changes  in  the  body! 

I>{ffi<ultie»  in  the  naturalnelection  theory. — The  answer,  T  thiuk,  i* 
readily  given :  We  do  not  know  whether  use  and  di-suse  are  openitiiip 
upon  the  mechanical  coastniction  of  the  ear;  we  do  know  that  tW 
organ  can  be  rendered  far  more  acute  by  exercise;  but  even  if  it  «■«■■ 
true  that  habit  can  exert  no  formative  influence,  the  esir  isoiieof  Hiow 
sl.nictures  which  since  its  first  origin  has  been  an  imjiortant  fuctor  i<i 
survival  and  may  tlierefore  have  been  evolved  by  natural  selectinii. 
Now,  the  very  fact  that  Helection  may  liave  to  care  for  variations  in 
such  prime  factors  in  survival  us  the  car,  rentiers  it  the  more  difficult 
to  conceive  that  it  also  is  nursing  the  minutia'  of  yuriation  in  remote.  , 
obscui-e,  and  nticorrehited  organs. 

I'lven  in  the  brief  review  of  human  evolution  in  the  first  lectnre  I  | 
have  jHiinted  out  eight  inde)>endent  regions  of  evolution,  njiwHril  of 
twenty  developing  organs,  upward  of  thirty  degenerating  organs 
A  moi-e  exhaustive  analysis  would  increase  this  list  tenfold.  No'- 
where  chance  variation  should  produce  an  increase  in  size  in  all  tk 
developing  organs,  and  a  decrease  in  size  of  all  the  degeneralioj! 
organs,  and  an  average  size  in  all  the  static  organs,  we  would  h»ve«ll 
tlie  conditions  favoring  survival.  But  the  chances  are  infinity  to  me 
iigainst  such  a  combination  occurring  un less  the  tendencies  of  variiitioii 
me  regulated  and  det^'rmined,  as  Lamarckiaiis  suppose,  by  the  m- 
liei'itiincc  of  iiulividual  ten(l<'ncies.  But  may  not  the  favorable  van-  I 
iiliiins  in  the  body  Ih'  grouped  to  eitlier  outweigh  or  underwcigli  Ihc 
iinfavoralile  viiriatioust  Tliis  would  he  possible  if  combinations  oc- 
ciiithI;  lint  wo  can  reiulily  see  that  comlnuations,  such  as  we  obsen^c 
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ill  tbeKeiianite  I'lcmeiits  of  thv  iiiot  alone,  completely  neutralize  each 
other  Ml  far  tut  "survival"  is  concerned:  bow  tbe  foot  would  neutralize 
tite  hand,  or  the  foot  aitd  hand  would  uenhalize  the  Inmbar  region.* 

It  iK  this  conHideiation  of  single  orgauH,  the  observation  of  their  iii- 
deiiendent  histoiy,  the  ritte  of  new  cmnpnuud  organs  by  steady  growth 
troin  infiniteHimal  beginiiiufrs  of  their  separate  elements,  the  coinbine<l 
l4'stiinony  of  anatomy  and  jialo^outology  which  force  ub  to  regard  the 
tlieoryof  evolution  by  the  natural  selection  of  chance  variations  as 
wbolly  nntcnable.  With  the  atniost  desire  to  regard  the  discussion  in 
as  fair  a  spirit  as  possible,  tiie  explanations  oft'en-d  by  the  adherents  of 
Weixmann's  <loctrine  stiike  me  as  strained,  evasive,  and  illogicaLt 

We  can  however  by  no  means  undervalue  or  dispense  with  natural 
leltction,  which  must  l>e  in  continuous  operation  n]>on  every  «;liara4'ter 
iif  sufficient  importance  to  weigh  in  the  scale  of  survival.  I  need 
liartUy  remind  yon  that  this  scle<'ting  )>rincip)e  was  first  discovered  in 
1813  by  Dr.  \V.  C.  Wells,  of  Charleston,  in  connection  with  the  immu- 
Dit7lh>m  certain  tropical  disease's  enjoyed  by  ucgroes  and  nmlattoes.} 

The  eliminating  fitctor  in  selection  is  illustrated  almost  daily  in  cases 
of  appentlicitiK.  I  regret  I  have  not  Innl  time  to  ascertain  whether  or 
not  this  disease  is  considered  due  purely  to  a«'<'ident  or  to  (congenital 
riiriiitiou  in  the  aperture  of  the  appendix,  which  favors  the  admission 
nfhard  objects.  If  so,  modern  surgery  is  only  benefiting  the  individual 
to  tlie  detriment  of  the  race  by  its  cfiicient  preventive  o|»erations;  and 
every  individual  who  succumbs  to  this  disease  can  retiect  with  melan- 
dioly  satisfaction  that  he  does  so  pro  btino  publico. 

CoDcIasions  as  to  the  fartors  of  cvolntion. — Tlie  conclusions  we 
nwh  from  the  study  of  the  muscular  and  skeletal  systems  are  tUere- 
toK  as  follows:  1.  That  individual  transformism  in  the  body  is  the 
iDuu  determinant  of  variations  in  the  germ  cells,  and  is  therefore  the 
ntain  cause  of  definite  progressive  or  retrogressive  variations  in  single 
organs.  2.  That  evolution  in  these  organs  is  hastened  where  all  mem- 
bets  nf  the  ratce  are  subject  to  the  same  individual  transformism.  The 
mntrast  between  the  rate  of  individual  transformism  and  race  trans- 
rormism  is  due  to  the  strong  conservative  forces  of  the  germ  plasma. 
3.  That  evolution  is  most  rapid  where  variations  are  of  suflicient  rank 
to  become  factors  in  survival.  Then  selection  and  use  inlieritauce  unite 
forces  iis  active  progressive  principles  (»pi>o8ing  the  conservative  prin- 
ciple in  the  germ  plasma.  4.  That  fortuitims  and  chance  variations 
also  arise  from  disturbances  in  the  bcKly  or  germ  cells;  they  may  be 
|)erpetuat«tl,  or  disappear  in  succeeiling  generations. 

*I  havn  ex]>nDilBil  tliJH  idea  fully  in  roceot  jinpprs  ii]>od  t:li<!  tlienry  of  I'voliitiuii  of 
tlip  hone.  8p«.''Ar6  Acquired  VuriMtioua  Iiiheritwlf "  Jmmoin  Xalnraliil,  Vi-U- 
nwry,  llWl, 

iSeoWBismana'M  liint  cHHuy,  "Rutro^ewivc  Uerelopinent,"  in  Xalnre,  Biol.  Mein., 
tniu.,  ill  preHH. 

tSee  Introiliictiun  of  l^arwiii's  Origin  of  .Sjiectet. 
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Applying  tliese  views  to  variation  there  Rlimild  theoretically  ap- 
])ear  to  bejnat  those  two  distiuet  cJaaaes  of  anouialies  in  the  tinman 
l>o<ly  whieb  we  bave  seen  actaally  ocenrrinc:  First,  those  in  the  path 
of  evolation,  arisinjr  fiom  [lerfectly  normal  changes  in  the  somato-plasm 
and  genn-plaflin :  second,  fliose  wholly  luiconiiected  with  the  cmirRe 
of  evolution,  arising  fortnitonttly  or  from  abnormal  changes  in  tbe 
somato-plasm  or  genn-plasui;  to  this  bead  maybe  attribnted  the  whole 
scale  of  deformities.  Tims  tmnformisni  and  defonnism  should  1* 
kept  distinct  in  our  minds.  Kevertbeless  the  facts  of  deforniism  con- 
tribute the  strongest  Iwdy  of  e\idence  which  we  can  muster  at  present 
to  prove  that  there  does  exist  a  relation  l»etwcen  the  somato- plasm  ami 
germ-plasm  which  renders  transformism  possible. 

Tke  relations  beticeeti  the  somato-plmm  and  tierm-platim. — We  Ustc 
seen  reasons  to  take  a  middle  gronnil  as  to  the  distinct  speciflc  natnre 
of  the  body  cells  and  ;iein»  cells,  and  this  position  is,  I  think,  KtrenEtli- 
ened  the  more  broadly  we  extend  onr  infjuiry  into  nil  the  fields  of  jhw- 
toplasmie  n^^tivity. 

There  are  three  questions  before  iis. 

1.  What  is  the  evidence  that  the  germ-plasm  and  somatoplasm  are 
distinct  t 

2.  What  is  the  specific  natnre  of  the  germ-plasm  f 

3.  What  is  the  nature  of  the  relations  which  exist  between  the  two! 
1.  The  separation  of  the  germ-plasni  is  in  the  regular  order  of  eroln- 

tion  npon  the  principles  of  physiological  division  of  labor,     ThenniMl 

Inlar  organisms  combine  all  the  functions  of  lite  in  a  single  masaofiP- 

toplasm,  that  is,  in  one  cell.     In  the  rise  of  the  niulti-celbilar  organisms 

the  various  fiinctions  are  distribnted  into  gronps  of  cells,  which  spf- 

ciali7«  in  the  perfecting  of  a  single  function.    Thus  the  reprodnctrve 

c«lls  fall  into  the  natural  order  of  histogenesis,  and  the  theory  of  thm 

entire  separation  is  more  (ronsiatent  with  the  laws  governing  the  other 

tissues  than  the  theory  wliicli  we  find  ourselves  obliged  to  adopt,  tbat  , 

wliile  eepar.itc  they  are  still  united  by  some  unknown  threads  with  tl* 

other  cells.  I 

The  morphological  separation  of  what  we  may  call  the  racepf)!!)- 

efined  in  the  ascending  siile 

as  to  the  absolutely  di-stinri 

somatoplasm  has  however W 

■y  that  in  many  multi-ceilnlar 

tential  capacity  of  n'peatinK 

in  of  [trodncing  perfect  p-nn 

ssues. 

I  of  the  well-known  hot-hon-* 
ns  of  the  common  willow  tree. 
'  individuals.  This  nonW  '"' 
lasm  are  distributed  thron^'ii 
*acb  body,^c^l)^,»a  retained  iW 
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Aimiug  tliu  lower  ^iuitiiiils  we  tiiiil  tli«  huiim)  i>uw«r;  it'  wttcilt  »  liydm 
w  Iwll  uuimali^uU;  into  a  (loKeii  pieces,  eucli  mtiy  i'cpru<1iice  a  [lerfect 
uew  individual.  Ah  we  uHveud  in  tbe  animal  Bvale  tliu  j tower  is  cun- 
(iiritl  t«  the  wpnMluction  of  a  lost  part  in  tlie  proctww  known  as  recr«s- 
tPDcc.  Aa  you  well  know,  in  tlie  gronp  to  which  the  frog  and  Kala- 
wander  belong,  a  limb  or  tsiil,  or  even  a  lower  jaw,  may  be  reprmlitced. 
The  only  logical  int«^rpretation  of  thete  ])henoni6na  in  tliat  the  heredi- 
tarj'  powers  are  di»tribute<i  in  tlio  entire  protoplasm  of  the  orgaiiisai, 
iiid  the  capacity  of  reproduction  itt  not  exhausted  in  the  original  for- 
mation of  the  limb,  but  is  capable  of  being  repeated.  There  lias  been 
mnsiderable  ditucussioii  of  lato  iw  to  the  seat  of  this  [wwer  of  recrescenee. 
It  seetns  to  me  not  impossible  tlint  in  the  vertebrates  it  may  be  stored 
11  the  germ  cells,  and  it  would  be  very  interesting  to  aMcertain  exiieri- 
nientally  whether  removal  of  these  cells  would  in  any  way  linut  or 
iffwtthis  power;  we  know  that  such  removal  in  castration  or  ovari- 
iitomy  Hometimt's  profoundly  modifies  tite  entire  nature  of  the  organ- 
ism, causing  male  characters  to  appear  in  the  female,  and  female  char- 
aders  to  develop  in  the  male. 

So  for  as  man  is  concerued  it  has  been  clainuKl  by  surgeons  that 
i;eiinine  recreuceace  sometimes  occurs ;  for  example,  that  a  new  head  is 
fanned  upon  the  feraur  after  exseetion ;  but  my  friend  I>r.  V.  P,  fiibney 
informs  me  that  this  is  an  exaggeration,  that  there  is  uo  tendency  to 
reproduce  »  trne  head,  but  that  a  pseudo-bead  is  formed,  which  miiy 
In* explainetl  ujmiii  the  principle  of  regeneration  and  individual  tians- 
fonoism  by  use  of  the  limb. 

Pflilger'8  opinion  is  that  recresceuce  does  not  indicate  a  storagi;  of 
Weditary  )>owei',  that  there  is  no  pre-existing  germ  of  the  mombei', 
hiltbat  the  re-growth  is  due  to  the  organizing  and  distributing  power 
ufthe  cA'll.-4  at  the  ex|H)scd  surface,  so  that,  as  uew  formative  nmttor 
vrives,  it  is  built  up  gradually  into  the  limb.  This  view  would  reduce 
recresceuce  to  the  level  of  the  regencr.ilion  -prociss  which  unites  two 
int  sections  of  the  elements  of  a  limb  in  their  former  order.  It  is  i)artly 
»|'|iawd  ttt  the  facts  above  referred  to,  which  s(.i;m  to  pi-ove  the  dis- 
'riliatioQ  uf  the  hereditary  power.  Vet  it  seems  to  me  quite  consistent 
toomsider  these  three  processes— a,  reproduction  of  a  new  individnal 
from  every  part;  ft,  recresceuce  of  a  new  member  from  any  i>avt;  v,  re- 
K>'iieratiun  of  lost  tissues — as  three  steps  indicating  the  gradual,  htit 
Diit  entire  withdrawal  of  the  rejirodui-tive  power  into  the  germ  cells. 

[  have  not  ajiace  to  <:oiisider  all  the  grounds  which  supitort  the  view 
"rthf  soparatitm  of  the  germ  cells  in  man.  Some  of  the  more  promi- 
wnl  are:  the  very  early  diHcrentiation  of  these  cells  in  the  embryo, 
"Wrved  with  a  few  exceptions  iu  all  the  hiwer  ordere  of  animals,  and 
aOvancing  so  rapidly  in  tlie  human  female  that  several  mouths  befoitt 
I'irth  the  number  of  primordial  ova  is  estimated  at  seventy  thousauti, 
;md  is  not  t>elieveil  to  be  increased  alter  the  age  of  two  and  a  half 

evei': 
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|MaSi>«  <rf  The  it>d\  tftdcb  ix  itot  essential  to  lite  and  yet  tbe  {fower  of 
noBMjikat-  :v9n*tti«tt(Hi  trf'  a  new  iii(tivt(lual  from  the  germ  cells  are  nn- 
iiuMi-wi-  AawMi^  the  many  reasons  advanced  for  pensioniug  tbe 
(p-ico^  ^ttUiws  I'f  ooi  late  war  you  never  hear  it  urged  that  their 
dulurvn  «e  tnv^Mieitated  by  inhentanie  of  injuries.  The  strongest 
9c«Hr  ii»«eT«  rests  in  the  evidence  I  have  alrcadj-  cited  from  hei«d- 
CT  «(  th«  extraonliuiuy'  stability  of  the  germ  cellK,  which  is  the  sitfe- 
gxtpl  of  Che  race. 

i.  Tbe  specific  nature  uf  the  germ-plasm  must  i>e  considered  before 
we  consider  its  rehitionti.  "flTiereiii  lies  the  conservative  power  of  the 
^rnt  placun.  and  in  what  direction  shidl  we  look  fur  its  transfonuiitg 
focreH?  YiMi  jiee  at  once  that  marvellous  as  is  the  growth  ufccUs  is 
other  lixioes.  the   <n^>wtb  of  the  germ  cell  is  i^till  more  bo.  i 

We  ilnd  ic  ntteriy  impot-sible  to  form  any  conceptiou  of  the  coiitcnte  ' 
ttt  the  auecoL-ofiaie  Du«;leus  of  the  hnnian  fertilized  ovnni,  which  is  leas 
than  ime  twenty- tivf-hnndRdtlis  of  an  iuch  in  diameter,  but  which  is 
iieiwrtheieiss  «»|tatNe  ««f  pruducing  hundreds  of  thousands  of  oells  like 
■.t^eitasj  wv"*j.j»:!  il-.cuMlikeeellsof  tbe  adult  organism.  Wecanonlj 
tnwe-a»  *>«»■  ><l<»s  »*  '"  t''®  iwssible  cout«uta  of  this  nuelena  in  tlio 
t**  w«A  \f  ^-ihrw.sJTj-  Mill  physics." 

;»%x(«?,-x<  -  *vu«iwwl  (Ui  onier  of  inolecnles  or  nnita  of  protoplasm  lower 
•ti»  is'V.Tyv  :'■*»  ibe  visible  cell  units,  to  the  internal  or  polar  forces  of 
»>  \4s  *T-.i  »l»i'«r  iwMlilUiation  by  external  agencies  and  inter-aclioD,  he 
*■*  -Vs   th'-   Mllimnte  responsibility  in   reproduction,  heredity,  aiid 
.♦.^»VTA''<'«'-     I"'''"  idea  of  biological  nnits  seems  to  me  an  essential  part 
^v!  ,<t;>  ihwwj  !  il   is  embodied  in  UanvinV  '•gemmoles,-' iu  Haeckers 
•■■|V'»sM«hv»ryt'I.ii8  Lankestersaystherapidaccumulatioiiofbulkiaa 
t'M-,*<>th<d  dirltiMilty  in  the  material  conception  of  nnits.    In  thedirec- 
;^^Hw^>'•l»blt!^lliug  someanalogybetwi'en  the  repetition  iHiwer  of  hered-   | 
^t\   AHtl  ktiowu  hmction  of  protoplasm,  Ilaeckelf  and  Mering§  have   ! 
tt^tmtHl  lii^ri'iHIy  to  memory,  and  advanced  the  hyjHjtliesis  of  persist- 
»'mv  »»l  wrltilu  uiidnlatory  movements;  the  undulations  being  snseep-   ' 
U|iV  »il' I'liHiiK".  iind  therefore  of  producing  variabibty,  while  theirten-    , 
«h»*»'V  to  Itfiwltt  in  their  establislied  harmony  is  the  basis  of  heredity.    | 
ttt'Hih'lil,  Oiiulier,  and  Geddes||  have  speculated  in  the  elaboratiou  of   I 
\W  tib'<>  orniotalwlism;  the  former  holding  the  view  that  "inheritanrr 
It  |ii<4al|ih«  only  upon  tlie  basis  of  £he  ftiDdamental  fact  that  in  tiie 
(tirMilt'iil  )iroe<-Hst's  of  tlio  organism  the  same  substances  and  mixtures 
,.l   4i)|<-)|>iiM'«H  aro  repi-oduced  iu  quantity  and  qindity  with  it^gular 
|.i'H<-tUt'l(.v."1|  I 


I  Kimit  tf<  •  I'lanlliUIr  mhr  die  H'eHeii:fugHiig  Her  LebentlktiMru.    Jena,  187S. 
r   ((,  llviM-'hlHlii  nl'  rin  eatlgemeine  I-unelion  rf.  orgaKiieheii  Malmr.     \'icDD». 
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I  Iiave  merely  tunched  upon  tliesv  Hi>ecu1atJuiit«  tx>  hIiow  that  tlie  uii- 

known  factors  iu  heredity  are  altto  the  mikuowD  factors  in  operation  in 

living  matter.     All  we  can  study  is  the  external  form,  and  coioectore 

thnt  this  form  repreaents  matter  arranged  in  a  (^rtaiu  way  by  forces 

jiecuiiar  to  the  organism.    Thesi;  forces  are  exhibited  or  patent  in  the 

Homatie  cells;  they  are  potential  or  latent  in  the  germ  cellx. 

i      The  la£t  stage  of  our  inquiry  is  an  to  the  mode  in  whivh  the  iu:tion  of 

I   hiibit  or  eiivironnient  upon  the  somatic  cells  can  be  brought  t^i  Ijear 

I  iipou  the  germ  celLs. 

The  nature  of  ihr  rdalitut  lieticivu  thv  body  celln  nnd  r/eritt  i-elh. — I 

li»ve  already  shown  thiit  we  are  forced  t4>  infer  that  smh  a  relation 

i'\ists  by  the  facbi  of  evolution,  althougli  tlifse  t'actK  show  that  the 

I  transmission  of  normal  toudeueies  iVom  the  body  t4>  the  germ  cells  is 

ordinarily  an  extremely  slow  proi-esH. 

Virchow*  says  every  variation  in  nvm  character  is  to  be  traced  ba(^k 
Id  the  pathological  condition  of  the  originator.  All  that  is  pathologi- 
ntl  is  not  diseased,  and  inheritance  of  a  variation  is  not  from  the  inlln- 
eocc  niiou  one  individual  necessarily,  but  upon  a  row  of.  individuaU. 
Tills  is  iu  the  normal  condition  of  things.  In  the  abnormal  condition 
tbe  rate  of  transmissioii  may  be  accelerated. 
Does  this  transmission  depend  np<ni  an  interchange  of  material  par- 
I   lilies,  or  npon  an  interchange  of  forces,  or  bothi 

Tliere  are  three  phenomena  almut  which  there  is  iuu<;h  skepticism,  to 
*a,v  the  least,  which  bear  uiMm  the  ({uestion  of  a  possible  interchange 
offerees  between  tbe  body  and  the  gcrin-cells.  Thej*e  are  the  inherit- 
iiieeof  mutilations,  the  influence  of  prtwions  fertilization,  and  the  iu- 
.  dunce  of  maternal  impressions.  They  are  all  in  the  qnasi-scienti  tic 
rmlm,  which  embraces  such  mental  phcnoniciiaas  telepathy.  That  is, 
wincliue  to  deny  them  simply  because  we  can  mit  explain  them. 

Mntilations. — Since  the  publication  of  Weismanu's  essays  the  sub- 
jwtof  inherited  nmtilafions  has  attracted  rt^newed  interest.  X  would 
liretcall  attention  to  the  fact  thatthis  matter  has  only  an  indirect  l}ear- 
iDg,  for  a  mutiliition  is  something  impressed  utxni  the  organism  from 
without;  it  is  not  truly  "  actjuircd;"  the  loss  of  a  part  by  accident  pn»- 
duixs  a  sudden  but  a  less  profound  internal  modification  of  the  organism 
than  the  loss  of  a  part  by  degeneration.  Most  of  tbe  results  ara  nega- 
tive; many  of  the  so-called  "certain"  cases  prove  upon  investigation 
tobc  mere  coincidences.  Weisinannthimselfex|>eriineiitcd  npon  white 
mice,  and  showed  that  ifOl  young  were  produced  by  five  generations  of 
artiticially  mutilated  parents,  nnd  yet  there  was  not  a  single  example  of 
a  rndimentary  tailor  of  any  other  abnormality  in  this  organ.  The  cases 
of  cleft  ear  lobule  have  recently  been  summed  up.(  Israel  reports  two 
caBea  of  clefts  in  which  the  parent's  ears  were  normal.  Schmidt  and 
'"irpberden  TmunronniNinuit,"  Aitkii-f.  Anlhroputiigie,  IWS,  ]i.  1. 
)  Biologkal  Sltmotra.  p.  432. 
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OniHUtiii  retHfi't  ufllrmative  caHes.  His  sliiiws  that  aii  altirumtiv)^  vmfv, 
«it«cl  by  V".  Zwieciki,  is  merely  aii  iuherited  peculiarity.  Tlie  entire 
uvideuc.e  is  uusatiafactory,  and  upon  the  whole,  ia  decidedly  negative. 

Not  BO  however  in  cases  wliere  tlie  mutilation  results  inagvueral 
diHtiirbauce  of  the  normal  fanctions  of  different  organs,  as  in  tbe  eiL- 
perimeiits  conducted  by  Brown-S^quard *  upon  gninea-pigH,  in  whirb 
we  neit  "acquired  variation"  intensified.  In  these,  abnormal  degeiier 
ation  of  the  toes,  muscular  atrophy  of  the  thigh,  epilepsy,  exophtkul 
mia,  eh;.,  appeared  in  tbe  descendants  of  animals  in  Tvhich  the  spitiii) 
curd  or  sciatic  nerve  bad  been  severed,  or  portions  of  the  braiuremoTCtL 
It  was  also  shown  that  the  female  is  more  apt  to  transmit  morbid  Htalei 
than  tlic  male;  that  the  inheritance  of  thete  injuries  may  i>a88 over 
Olio  generation  and  re-appear  in  the  second;  that  the  transmission  by 
licredity  of  these  pathological  results  may  continue  for  five  or  six  gtn- 
ei-ations.  when  the  normal  structure  of  the  organs  re-appears.  Thet« 
canes,  wliicb  are  incontestable,  at  first  sight  appear  to  estabbsh  firmly 
the  transmission  of  a<'quired  characters;  they  were  so  regarded  by 
Itrown-S^quard.  These  lesions  act  directly  upon  the  organs,  and  tk 
abnormal  grttwth  of  these  organs  appears  to  be  transmitted.  Bnl  laii 
they  not  be  interpreted  iu  another  way,  namely,  that  the  pathologiia! 
condition  of  tbe  nerve  centers  has  induced  a  direct  disturbance  in  tbose 
portions  of  the  genn  cells  which  represent  and  will  develop  into  tlie 
coiTes[)ondiu^  organs  of  tbe  fiiture  offspring! 

Previous  tertilization. — Consider  next  the  infiueni-e  e.\erted  n|KHi 
the  female  germ  cell  by  the  mere  proximity  of  the  male  germ  i-ell. » 
c.\liibited  in  the  transmission  of  the  characteristics  of  one  sire  to  lli« 
offspring  of  a  succeeding  sire,  observed  iu  animals.  inclndiiiB  tlie 
bnnian  siiecies,  also  m  plants.  The  best  example  is  the  ott-tiuotd 
case  of  Lord  Morton's  mare,  which  reproducetl  in  the  foal  of  a  pi"^ 
Arab  sire  the  zebra  markings  of  a  previous  quagga  sire. 

Some  physiologist.sf  have  attempted  to  account  for  these  remark 
able  indirect  results  from  the  previous  fertilization  or  impregii8ti"ii. 
by  the  iniaginatiou  of  the  mother  ha%ing  been  strongly  afl'ected.or 
from  inten-hangc  l>etween  the  freely  inter-commnnicatiug  circoUtioii 
iif  the  eHd)ryo  an<l  mother,  but  the  analogy  from  tbe  action  in  plan'-'' 
(in  whii'h  there  is  no  gestation  but  early  detai'hment  and  developnw'' 
of  the  fertilized  i-ells)  strongly  supports  the  belief  that  the  proxinut)' 
of  male  germ  t-ells  acts  directly  HiH>n  the  femiile  i-ells  in  the  ovaO- 
AII  that  we  can  dwimv  from  these  facts  is  that  in  some  manner  Hi' 
normal  chantcteristies  and  tendencies  of  the  ova  are  modified  by  the 
Ibreign  male  germ  «-elIs  without  either  contact  orfertilizalion. 

Maternal  impreissioH. — The  influence  of  maternal  impressitrti.-*  'u  '"•" 

■  IvrnftfUnidm^.   March   IS,    ISC.     Tb««>'  rxp«HuK«l8  b»xr  b««   ctfofinurf  V 
V  •'«>««  •.-ilxi'hv  Kibut.  and  Uarwu:  JmimaUmMl  I'Umf  I'airr  Iff'l''*- 

'■»■"'■  D,«.,Google 


PBESENT   PROBLEMS    IV   EVOLUTION   AND    HBBEDITY.         353 

causation  of  detiuite  aDomaliets  in  the  fiftnR  i»  largely  ii  matter  of  in- 
dividual opininii . 

It  is  denied  by  »ouit'  bigli  auth(iriti(.>s,  leil  by  Bergman  and  Lenck- 
liart.*  Most  ])riictitiouer3,  however,  believe  in  it,  and  I  need  hardly 
•m\i\  that  it  i«  a  universal,  po|mliu-  belieljf  siipporf^-d  by  numerous 
cikdes.  1  myself  am  a  (Inn  believer  in  it.  The  bearing  which  the  sub- 
ject has  upon  this  disi^'ussion  is  this:  If  a  devintiim  in  the  develop- 
ment of  a  child  is  pn>duced  by  maternal  impression,  we  have  a  proof 
titut  a  deviation  from  normal  hereditary  tendencies  can  be  produced 
without  either  direct  vascular  or  nervous  continuity. 

We  see  an  analogy  between  the  exi>eriments  of  Bi-owu-S^fjuard,  the 
influence  of  the  jirevious  sire,  and  the  maternal  influence.  Neither,  in 
my  opinion,  directly  supports  the  theory  of  trausinissiou  of  acquired 
characters,  for  they  do  not  prove  that  normal  changes  in  the  body  cells 
directly  react  iiiHin  the  germ  cells;  they  all  show  tliat  the  typical 
hereditary  development  of  single  organs  may  be  divertwl  by  living 
Ibi-Lfs  which  have  no  direct  connection  with  them  according  to  our 
present  knowledge. 

What  the  nature  of  the.'<e  forces  is  I  will  not  undertake  to  say,  but 
1  believe  we  must  admit  the  existence  of  some  unknown  force,  or  rather 
i)f.<ome  unknown  relations  between  the  body  cells  and  germ  cells. 

A  year  ago,  recognizing  fully  the  dilliculty  of  advancing  any  theory 
Dfberedity  which  would  explain  the  transmission  of  acquired  characters, 
I  rame  to  the  following  result:  "  It  followsa.s  an  unprejudiced  conclusion 
from  our  present  evidence  that  uim»u  Weismaun's  principle  we  can 
t'iplain  inheritance  bul  not  evolution,  while  with  Lamarck's  principle 
Mid  Darwin's  selection  principle  we  can  explain  evolution,  but  not,  at 
present,  iuheritauce.  Disprove  Lamarck's  principle  and  we  must  assume 
lliiit  there  is  some  third  factor  in  evolution  of  which  we  are  now 
iguonint." 

In  this  connection  it  is  interesting  to  quote  again  fi-onimy  coUcngue, 
I'rof.  E.  B.  Wil-son.  He  writes  that  the  tendency  in  Uermany  at 
I'D-sent  is  to  turn  from  speculation  to  empiricism,  and  this  is  due 
jiHrtly  "  to  the  feeling  that  the  recent  wonderful  advances  in  our 
kiiuwle<lge  of  cell  phenomena  have  enormously  increastHl  the  difliculties 
of  a  purely  mechauiiru-]>bysical  explanation  of  vital  phenomena.  In 
hft,  it  aeems  that  the  tendency  is  to  turn  back  in  the  dii'ection  of  the 
rital-force  con(*ption.  -  -  As  Boveri  said  to  me  recently,  "Eb 
jribt  zu  viel  vorstiind  in  dei'  Natur  um  eine  rein  mechanische  ErkUiruug 
ilcr  Sache  zu  ermoglichen." 

Ill  the  hnal  lecture  wc  turn  to  the  forces  exhibited  in  the  germ  cells. 

' Hatdenciirlti'liHijk  der  I'huiiol'igir,  Waguer,  ATtikcl  "  ZeugiiiiK,"  I.eiickbart. 
t8«ii  Mtdical  ItfCird,  Octi)ljer31,  ISlll,  iiu  article  hy  Joseph  Drzcwiecki,  m.  d. 
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l.ECTTBK    III. — HEREDITY    AND    THE   QBRM    CELLS, 

AnMO^.- :  ;•'  ttii^  ^ettenil  I»w*  tli©  germ  cell  wag  considered  as 
maini  T-cr-ruiily  alive  ami  biivhig  vvitbiQ  itself  the  tendency  toas 
stOM  a  i«im»  living  tbrm  in  course  of  iiidi^idtutl  development.  The 
i».-<;ais  3IUSC  hv  extmnnltuiu-ily  complex,  for  it  cootains  within  itself 
Ti.'C  •Mi^y  tiie  wadvuvies  of  tUo  preseut  type,  but  of  past  tyi)eB  6ir 
i  -icanc.  The  sappof-iciou  of  a  ii-ast  uumber  of  germs  of  structure  is 
:v«|ii:rv»i  by  tli*  i>h«aoiu«tui  of  heredity:  Xiigeli  has  demonstrated  tbat 
lien  'ti  :>o  luinutv  a  si>^-e  a^  one  one-thoiisandtli  cubic  millimeter. 
ti>«i,Oiii>.<hiW  iiui.-«it:e  mii-it  In-  present. 

rh«t  <ntti,v  iW''i.Te«i:cy  will  ultimately  center  around  the  structure aud 
■.uiui'im*  oi'  tbf  ienu  i-ell*.  The  preeise  researches)  of  Galtoa  show 
■,iuti  'lie  e\;eniiu  r.K-"^  .>(*  Uereviity.  ({uestions  of  average  and  of  proba- 
>ii::t-s,  .n  ■'.td.-ni.K  i:id  :iii»eru;U  coutribntiuus  to  the  ofisprings,  are 
.  t,-.i  >;e  '(  "viii  "v.:  i.(-<i  :ii  ,>u  exact  seieuce  in  which  matheinatJcal 
V  .;i-i  ,i>:i'us  n  ■;  v''Ki>ie  ,1*  ;i>  lonx'sst  the  characteristics  of  the  coming 

i'i,i,  -v  .1  XI  '!  iviii.cii  W«"*ver  »  large  residuum  of  facts  which  will 

■  ...  -i ...     iiiHM^^'x  u> ,» iiLkUieumtieiau  likeCaltou.ns  fortuitous, orin- 

,  V  .. .,  v.i,  ;i  t.x  ■  K-  t'li.vMolofrical  conditions  of  reversiou:  the  course  of 

i.v  v,>;i,>,   >!  » 'li'.t*  llieuiaterimi  ortbe  paternal  eharacteristicspre- 

,  ..I    J.    ...  ,x,.t  -.u  ihv  cntii-e  structure  of  tbe  offspring:  the  material 

'.,i ,.  V  ■.  '  I  <i<i  lioi  n,ij.'c  uiH)U  which  reversion  iiei>euds,  and  which  com- 

..,  :si..  .■  'i\  i»-iiur.iccettheran  unused  hereditary  substauce  or  a  return 

...  i.i..;»i.i  Ui.M'-'-'^''"»of  thetbi-cesin  tbi.<t  substance;  the  natureand  ' 

,1,  ,,i..ia.,nn'it  vd  sex.    These  apparently  chance  phenomena  mustaU 

!..■  ,tn.'  u>  tft  t^iiii  ti\e<l  laws,  and  by  far  the  most  pronusing  routes  to 

.l,,,,.v,'n    tuno  ahviuly   been  tiikeii  by  Van  Beueden,  the   Hertwig  I 

i.>,.ili.i.i,  H\>voii,  Mtiupas.  and  others.  I 

lli.v  li(i\t«  atiai-ked  the  problem  of  the  relation  of  the  germ  cells  to 

1 1.,  liiu'*lii>  on  every  side,  and  by  the  most  ingenious  and  novel  oieth 

,„t .,  rtliivh  nw  fauiiliur  enough  in  various  branches  of  poss  anatomical 

tuil  (iliv-iioUi^icul  ivsearch.  but  swmi  almost  out  of  the  limits  of  appliia- 

iu.i>  U'  iiimmti  iniei-oscopie  objects.    For  example,  the  TIertwig  brothers 

I.  .\st  .tiitMlitinctl  the  lullaem-e  of  various  solutions  of  uiorphiue  ami 

,.ilivi  dniHT  ^^(  I  he  alcohols,  and  of  the  various  degi-eesof  te»i]>eratnrf 

iind  spermatoziMHi  during  tiie  conjugation  period,  icitli 

e  highly  suggestive  of  the  causes  of  congenital  nial- 

inlics,  and  double  births.    The  Hertwigs  and  Boverr 

n  itdihiug  ova  of  their  nuclei  and  watching  theresalts 

nt  entrance  of  siwrmalozoa.     In  order  to  further  test 

111!'  nucleus  to  the  remainder  of  the  cell,  Verworn  ha* 

Dig  rbc  same  line  with  extirpations  of  every  kind  frcim 

f  Inhisoria.     Of  e^gual  novelty  are  the  recent  studieaof 

,  Ai'tli'le  "  Evulutiuu,"  iiHc.  Sritonatoa,  vul.  viii,p.  746. 
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Maupas  apou  tlie  umltiplicatioti  ami  coiijugatiMii  uf  the  Infuaorja.  tiiv- 
iDg  08  a  host  of  new  ideas  aa  to  the  cycle  of  life,  the  nie»iiiiig  of  sex, 
aD4l  the  origiu  of  tbe  sexual  relation. 

In  all  this  research  and  in  the  future  outlook  there  are  two  main 
qnestiouB : 

1.  What  is  the  hereditary  snbstaucet  What  is  the  material  basis  of 
heredity,  which  spreads  from  the  fertilized  oviuus  to  every  cell  in  the 
body,  conveying  its  ancestntl  cbaractenuties?  I3  there  any  subatauco 
corresponding  to  the  hypothetical  idioplasm  of  Niigell! 

2.  What  are  its  regalatiug  and  distributing  forces!  How  is  the  he- 
reditary substance  divided  and  dii^trlbuted  t     How  far  is  it  active  or 


I  may  say  at  the  outset  that  the  idioplaeui  of  Niigeli,  a  purely  ideal 
element  of  protoplasm  which  he  conceived  of  as  permeating  all  the  tis- 
sues of  the  body  aa  the  vehi<'le  of  heredity,  has  been  apparently  mate- 
rialized in  the  chromatin  or  highly  coloring  materials  in  the  center  of 
tbe  nnulens.  This  rests  upon  the  demonstration  by  Van  Beoeden  and 
others  that  chromatin  is  found  not  only  in  all  active  cells,  but  is  a  con- 

'    spicQoas  element  in  both  the  ovum  and  spermatozoon  during  all  tbe 

I    phenomena  attending  conjugation. 


!  Fk.  7.— Ttpicu.  cell  DiviaiuK,  aMuvriNU  tmr  DiTn-RiHi-riov  »>>  CHBoHATLf.^lPnmi  Tirkcr  iftcr 
!  Cnoy.)  A-C,  ■TTDDsriui'nt  of  Ihe  chroniBllD  in  Ihrca'l.,  13-E.  fDnuitlan  of  the  chromiUn  rods 
!      ladloaiH:  F,  ■pIlltloKor  thcloopa;  G-H.  nlncllmi  of  IhefhromitiD  Intnlfap  Iwp  dsn)(ht«r  «1I*. 

Secondly,  tliat  while  the  chromatin  is  apparently  passive,  it  is  played 
npon  by  forces  resident  in  the  clear  surrounding  protoplasm  of  the 
nucleus,  bat  chiefly  by  the  extra  nuclear  archoplasm,  which  seems  to 
constitute  the  dynamic  and  mechanical  factor  in  each  cell.  This,  uii- 
litte  the  chromatin,  only  comes  into  view  when  there  is  unusual  activ- 
ity, as  during  cell-division,  and  is  uot  evident  (with  otir  present  histo- 
logical technitiue,  at  least),  wben  the  cell  is  arrested  by  reagents  iu 
any  of  the  ordinary  stages  of  metabolism. 

J'Af  dUtribtttwii  of  herediUirg  mibulaHrr, — 1  may  first  review  some 
of  the  well-known  phenomena  attending  the  distributiou  of  the  chro- 
matin  subatauce  to  the  tissues. 


.,r    I'limtl-IMf*    IN    EVOHTION   AND   HEBEDITY. 

■tt^il  U\«ii  *^«i.«---nE«w  by  Carnoy,  to  illustrate  tliereffl- 
-l^viw  .V  ;i«  -r-^  -U't  rroQi  Watase,  a  Jiipanese  student 
.;v.^,v  i^-i.-^-'  r-.>rwi«Bting  the  high  diftercntiation of 
;- .ii.  ■•£.:•  ■^••n  ■'■s*^>.9.  They  bring  out  the  active 
■  ■..,  ■.  N  ..    :!.-  -   >.tnu  Mil. 

-     •  -.   *jx-  -vJLit-^^  Ttiieh  ^tl«fid  the  division  anddis' 

-     — —  i. -jf  -*mt;uii-«  chnMi^hont  the  whole  coarse  uf 

-     -  -.v-  ■■  :'.'■■■;  xn-  vAl  iUastratetl  in  Camoy's  fig- 

-^     ■         '■   :»-    liueaeent  pm»d.  in  which  the  chro- 


,v  I  n'  .t|>|K-itntn4i-  of  ii  coiifMl.  tangled  thread;  surround 
o  ^  \:n-  iiiu'Uit-phtiim  (or  Htliromatin)  boundtnl  by  tbeni- 
.■:  itiv  vMiit-ntu'lear  suhstance,  or  cyto-idasm,  is  appv 
iiii,itv«t.  As  sfKHi  as  cell  divtsioit  sets  in,  however,  i»- 
10  M'*'!!  in  the  cytopliisni  above  and  below  the  uudeiw: 
I  till'  ttivlio-iihi.suiii-  filaments  tiy  Boveri,  since  tlieypm- 
i  I-,  now  lH'lit>v«tI  to  lie  the  dynamic  element,  the  arcb<i- 
\s  the  lift  ivity  becomes  more  intense  the  filaments  are 
•  ui'iiiJ  o'lilcr — tliearcho-iilasmicPcH/coftowc — whii-liii"* 
lie  niiilins  fit  either  pole;  tiiis  ladinl  display  of  f'" 
•*l  the  term  "ustera"  to  Fol,  and  "spheres  attrartive"  t« 
I'tio  tvlun  it'i-  of  the  chromutiu.or  hereditary  substance, 
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under  tliese  archo-plusmic  fori-es.  is  beautihilly  sliowu  in  ('jirnoj's  dia- 
grama  (Fig.  7).  First,  tlie  uuclejir  wall  breaks  up,  tln'ii  tlic  cliroiiiatin 
(■nil  unfolds  into  lines  of  vertiral  striatioii  wliit-k  becoint-  tlireii<l-llkc, 
bence  the  term  mitORis,  and  then  more  compact,  until  finally  u  nninber 
or  distinct  vertical  rods,  chromatin  rods,  or  chromai^mieH  are  found. 

A  remarkable  and  significant  fact  may  be  noted  here,  tbat  tbe  iium- 
l)er  of  chromasomes  varies  in  the  cells  of  different  siteoies,  and  even 
in  the  cells  of  different  varieties  (ao  in  the  tliread-wonn  of  the  liorse — 
itearis  megalocephala),  but  is  constant  in  all  the  cells  of  the  same  va- 
riety through  all  stages;  thus  the  same  nnmlier  of  chromasomes  ap- 
pear in  the  first  segmentalion  of  the  fertilized  ovnm  as  iit  the  subse- 
qoent  cell  division  in  the  tissues. 

Camoy  next  indicates  the  vortical  splitting  of  eavh  rod  into  a  loop 
or  link  preceding  the  horizontal  splitting:  thus  we  may  conceive  of  a 
tboiough  re-distrilmtion  of  tbe  chromatin  before  it  passes  into  the 
daughter- eel  Is.  The  split  loojm  are  eacli  retracte<l  toward  a  centro- 
isome,  suggesting  to  some  authors  a  contra<'tile  power  in  the  areho-plas- 
tnic  filaments,  each  chromattome  being  apparently  withdrawn  by  a 
single  filament.  Bnt  as  the  chromosomes  separate,  the  filaments  also 
appear  between  them,  and  are  variously  termed  '-intentonal,"  "verbin- 
ilnngs  laden, " ''filaments  rennissant;"  there  is  therefore  some  differ- 
euoe  of  opinion  as  to  what  the  mechanics  of  the  chromasome  divisions 
really  are.  The  chromatin  is  now  retracted  into  two  coiled  threads, 
e»ch  the  center  of  the  daughter  nnelens  with  a  single  centn>some  l>e- 
siile  it.  But  as  the  line  of  cleavage  is  drawn  between  the  two  cells 
(Pig,  !)).  the  single  centrosome  in  each  cell  divides  so  that  each 
daoghter-cell  is  now  complete  with  its  cbroniatin  coil  and  two  arclto- 
piismiceentroeomes.  This  process  has  been  beantifnlly  desrribed  by 
IVatase.* 

It  thn»  api>ear»  that  both  the  chromatin  and  archo-plasni  are  i>erma- 
neiit  elements  of  the  cell,  such  as  we  formerly  eonsidere^l  tbe  nucleus; 
tlie  apparently  passive  chromatin  is  divided  with  great  precision  by  the 
active  archo-plasm,  then  tbe  nrcbo-plasm  simply  splits  in  two  to  resume 
ihe  elpavage  function. 

FtrtilizalioH — the  union  of  hereditarg  isuimtuHeeH. — Before  looking  at 
the  host  of  questions  whi<'h  fertilization  snggests.  let  us  review  a  few 
of  the  well  known  phenomena  preparatory  ti>  the  union  of  the  germ 
<-ell»  in  order  to  give  greater  emphai^is  to  the  impurtance  of  rewnt  dis- 
co?eries. 

First,  the  ovum  is  a  single  cell,  the  typieai  struetnre  of  which,  with 
ita  nucleus  and  cytoplasm,  is  generally  obscured  by  a  <pnintity  of  food- 
material,  surrouudeil  by  a  rather  dense  cell  wall.  The  ovum  is  said  to 
he  ripened  or  "matured"  for  the  reception  of  the  siHirmatoiioon,  by  the 
extmsion  of  two  small  "jiolar  bodies,"  containing  both  chromatin  and 


*&M  Uuiae  Biological  Laboratory  Leotiuea,  1668.    Boaton:  01 
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hyaline  protoplasm,  and  separating  off  by  Itaryoltiuctie  diviuoD.  Atbet 
maturation  is  complete,  a  »4ingle  H^termatozoon  normally  penetrates-, 
then  a  reaction  immediately  sets  in  in  the  cell  wall  of  the  ovum  wliicli 
prevents  other  spermatozoa  from  entering.  The  head  of  the  Bpermat4> 
zoon  and  the  nucleus  of  the  ovnm  now  fuse  together  to  form  a  singit; 
nucleus,  which  it  is  obvious  contnins  the  hereditary  substance  of  two 
individuals.  This  is  the  starting  point  of  the  segmentation  or  distri- 
bution process  above  describe^l,  and  it  follows  that  the  fertilized  ovum 
at  this  stage  must  contain  its  typical  complement  of  chromatin,  archo- 
plasm,  etc.,  for  the  whole  course  of  gi-owth  to  the  adult. 

How  shall  we  connect  these  phenomena  of  fertilization  witli  (Jir 
facta  of  heredity!  The  most  suggestive  enigma  in  connection  witb 
the  fertilization  itrocess  has  been  iiie  meaning  of  the  tiro  polar  bodien, 
especially  since  Van  Bcu(.>den  demonstrated  that  they  contained  chro- 
matin t  For  twenty-five  years,  speculation  has  been  rife  as  to  why  tlie 
oTum  should  extrude  a  i>ortion  of  its  substance  in  two  small  cells;  irhy 
not  in  one  celM  why  not  in  a  larger  numherl  Thanks  to  the  inteaee 
cariosity  which  these  polar  bodies  have  aroused,  and  to  the  great  th- 
riety  of  expluniitions  which  have  been  offered  for  them,  we  havear 
rived  to-day  at  a  solution  which  links  the  higher  animals  with  the 
lower,  breaks  down  the  supposed  barrier  between  the  sexes,  and  ac- 
cords with  the  main  exteinttl  fa4-ts  of  here<lity. 

It  seems  to  me  beat  to  disregard  the  order  of  discovery,  andtostate 
the  facts  in  the  most  direct  way.  l-'irst.  a  few  words  as  to  the  speco- 
lations  upon  the  meaning  of  the  |>ohir  bodies. 

The  early  views  of  fertilization*  were  naturally  based  upon  the  »^ 
parent  signitlciince  of  this  pnx-ess  in  the  human  species,  in  which  tiK 
sexes  ai-c  shuiply  lUstinguished  ft-oni  each  other  in  their  entire  stmc- 
tiire,  and  the  reproductive  cells  arc  also  widely  differentiated  in  form, 
the  ovum  large  and  passive,  the  sjK'rmat(»zoou  small  and  active.  Tltc 
teikdiest  induction  was  to  re^artl  these  elementtt  as  representing  <li^ 
tinct  physiological  principles,  corresjionding  to  the  e.s.sential  aeioiil 
characl«'ri sties — iu  short,  as  miiie  ami  female  cells,  the  former  vitalizint.' 
and  rejuvenating  the  latter.  Thu^oneofthe  earliest  definite ''ixilur 
body"  theories  was  that  the  ovum  was  hermaphrodite,  containing bolli 
male  and  fi-male  principles,  and  that  it  was  neces.'iary  to  get  rid  uf  'iic 
male  substance  before  the  s|termatozoon  could  ent«r. 

As  Von  Siebtdd  and  l#ucfcnrt  had  demonstrated  that  some  ova  rf 
prodai-e  i>arlheuogeiieticaIly,  that  is  without  fertilization  bj'  speroiato 
Koa,  Weisuinun  turncti  to  such  timns  for  the  solarioD  of  this  problem. 
and  was  sarprij*»Hl  to  find  that  partheuogetic  ova  only  estrnde  orif 
t>olar  body.  Tlus  le«l  him  to  uttaoli  one  meaning  to  the  first  polar  ho<I.v. 
and  another  meaning  to  the  s«H'«i]iti.  which  he  viewed  as  designed  to 
red««f  the  heredity  substance  iu  the  ovnm  without  regard  to  soi. 
Thus  both  this  and  the  older  theory  coiivcyetl  alike  the  idea  of  r«Jw 
■8m  ftbo  ik»  imnodni-tiuu  uf  Wrisiuauu-»  Uft  eanj,  "AvpUmisU." 
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lioM,  bnt  with  an  entirely  difTereiit  supposition  as  to  the  nature  of  the 
material  reduced  or  eUwinated. 

Jtlanpas  on  ^Conjugation  among  tlie  Infasoria." — ^Among  the  newer 
researches  which  throw  light  npon  this  old  problem,  those  of  Maupas 
are  certainly  the  moot  brilliant.  After  a  most  exact  and  arduous  re- 
i>earcb,  extending  over  several  years,  he  collected  his  results  in  two 
memoirs,  published  in  18SU  nnd  1890. 

Ilia  experiments  were  first  directed  ujmn  the  laws  of  direct  multi- 
plication by  fission,  which  revealed  a  complete  cycle  of  life  in  the  single- 
relied  Infusoria  and  showed  that  after  a  long  period  this  mode  of 
feprodaction  becomes  less  vigorous,  then  declines,  and  finally  ceases 
altogether  unless  the  stock  is  rejuvenated  by  conjugation  of  individ- 
nals  from  diflerent  broods.  In  other  words,  these  broods  of  minute 
organismH  grow  old  and  die  unless  they  are  enabled  to  fertilize  each 
other  by  an  exchange  of  hereditary  substance  altogether  analagous  to 
that  observed  in  tlte  higher  multicellular  orgnnisms. 

The  cultnre«  were  made  in  a  drop  of  water  upon  a  slide,  and  feeding 
ffas  adapted  either  to  the  herbivorous  or  carnivorous  habits  of  the 
species.  Under  these  conditions  it  was  found  that  the  rate  of  fission 
or  direct  multiplication  varied  directly  with  the  temperature  and  food, 
rising  in  some  species  {Glaucoma  i»ntitillan»)  to  five  bipartitions  daily. 
With  the  optimum  of  conditions  this  rate,  if  sustained  for  thirty-eight 
days,  would  produce  from  a  single  individual  a  mass  of  protoplasm 
equivalent  to  the  volume  of  the  sun.  This  rate  is  however  found  to 
be  steady  for  a  time,  and  then  theofl'spring  decline  into  "senescence," 
in  which  they  api)ear  at  times  only  one-fonrtli  the  original  size,  with 
reduced  buccal  wreaths  and  degenerate  nuclear  apparatus.  This  is 
itached  sooner  in  some  species  than  in  others;  Stylonichia pustulata 
survives  three  hundred  and  sixteen  generations  or  fissions,  while  Leu- 
t(^hrys patula  persists  to  six  hundred  and  sixty  generation;.  Finally, 
even  under  the  most  favorable  conditions  of  environment,  death  ensnes. 
Sot  so  where  conjugation  is  brought  about  by  mingling  the  offspring 
o(  different  broods  in  the  same  fluid,  as  in  ttio  natural  state.  Maupas 
soon  discovered  thnt  exhiiustion  of  food  ivould  induce  conjunction  be- 
tween members  of  mixed  broods.  He  thus  could  watcb  every  feature 
of  the  conjugation  process,  and  determine  all  the  pliases  in  the  cycle  of 
life.  These  diS'ered,  as  in  tlie  longevity  of  the  species.  In  Stylonichia, 
for  example,  "  immaturity"  extended  over  the  first  one  hundred  bipar- 
titions: "puberty,"  or  the  earliest  phase  favorable  to  conjugation,  set 
ill  with  the  one  hundred  and  thirtieth  bipartltion;  "eugamy,"  or  the 
most  favorable  conjugntion  phase,  extended  to  the  one  hundred  and 
seventieth ;  then  "  (senescence"  set  in,  characterized  by  a  sexual  hyper- 
KKthesia  in  which  conjugation  was  void  of  result  or  rejuvcnesence, 
oKJDg  apparently  to  the  destruc^tion  of  the  essential  nuclear  apparatus. 

'Snr  In  uiiitti plication  i1p«  IiifnHoirea  C'ili^s,  Artliir.  dr  /.oiiloijic  crperimenlaia,  Se 
•I  Tol.  VI.,  pp.  ]K>-273;  Lt  SajeiiHiteement  KaryogaiiiiiiHc  flia  li»  Citiei,  vol.  vil.  p 
U9-G1T.    S«B  alM  Hartag,  Quart.  Joar.  Mieroieop.  SeitBct,  December,  itolX  )qIc 
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Coi^iugatiou  begins  vith  the  appi-oach  of  two  individuals,  and  adhe- 
sion by  tUeir  onil  snrfn<.-es.  There  is  no  fusioti,but  sin  imniudiat^  trans- 
formation ill  the  <^U  contents  of  each  individual  sets  in,  conclndiug; 


lu  tiiti'ivlmnjiv  i»l"  luu'leiir  substance.    In  each  cell  Maupas  dis- 

'ii>|v\v(-\(  (lio^.U^  miffiiMurltiix  (Fig.  10,  the  niacronuuleus. 

M\\t\*\  »t'  tiiithiU'sl,  wliioh  presides  over  natritioD  and 
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growth  and  divides  by  oonstriotion,  and  tlie  (w)  mhroHucletiH  (paranu- 
cJens,  uucleoltis,  of  authors),  wiiich  presides  over  tlie  preservation  of 
the  species.  Tbe  latter  contains  chromatin;  it  is  theseat  of  rejnve- 
nescence,  the  basis  of  heredity,  it  divides  by  mitosis,  showing  all  the 
t}-pical  stages  of  karyokinesis  excepting  the  loss  of  the  cell  niembraae. 

The  transformation  in  each  of  these  eopnlating  cells  first  affects  the 
centers  of  hereditary  substance,  viz,  the  micro-nuclei ;  they  divide  three 
tiuea;  thus  the  microuuelear  substance  is  reduced  to  one-fourth  of  its 
original  bnlk.  It  is  contained  in  two  siu'viving  uiicrouuclei  (tbe  others 
being  absorbed  or  elimiuated),  one  of  which  migrates  into  the  adjoin- 
JDgcell;  the  other  remainsstationary.  This  migration  is  followed  hya 
fasion  of  the  migrant  and  stationary  microiiuctei ;  this  fusion  effects  a 
complete  interchauge  of  hereditary  substance,  after  whidi  the  two  iu- 
fhgoria  separate  and  enter  upou  a  new  life  cycle.  Meanwhile  the  me- 
ganuclens  breaks  up  and  is  reconstituted  ia  each  fertilized  cell. 

Maapas  gathers  from  these  interesting  piienomena  additional  proof 
tlint  the  chromatin  of  all  cells  beur.s  the  inherited  characteristics  and 
that  the  cytoplasm  and  nncleo-plasm,  or  acbromatin,  is  the  dynamic 
agent,  because  the  micronuclei  bearing  the  chromatin  are  the  only  strnvt- 
nres  which  are  permanent  and  persistent,  all  the  other  stru<;turcs — 
DQcleo-plasm,  archo-plasm,  etc. — being  repla^ied  and  renewed.  The  re- 
duction of  the  chromatin  is  purely  quantitative,  the  eliminat<'d  and  fer- 
tiliting  micronuclei  being  exactly  equivalent)  after  the  chromatin  has 
been  quartered  the  cell  becomes  incai)able  of  further  activity  until  it  is 
reinforced  by  chromatin  from  the  copulating  cell. 

Ko  distinction  between  the  sexes  in  heredity. — The  three  laws 
which  underlie  these  phenomena  are:  (1)  That  fertilization  consists  in 
the  union  of  the  hereditary  substan<'e  of  two  individuals.  (2)  That 
before  the  xmvm  the  hereditary  substance  in  eac^li  is  greatly  reduced. 
(3)  That  there  is  no  hue  between  male  and  female,  the  con  jugatiiig  cells 
are  simply  in  a  similar  physiological  condition  wherein  a  mingling  of 
hereditary  characteristics  attords  a  new  lease  of  life.    As  Maupas  says : 

"Les  differences  api>el(*e«  sexueUes  jwrtent  snr  des  faits  et  des 
ph^uom^nes  purement  accessotres  de  la  ft^condation.  La  fecondation 
consiste  aniquement  dans  hi  reunion  et  la  copulation  de  deux  noyaux 
aemblables  et  Equivalents,  inuis  proveuus  de  deux  cellules  diatinctes." 

In  this  conclusion  as  to  the  seitondary  and  superficial,  rather  than 
fnndamental,  differeuce  between  the  tv:o  sexes,  Maupas  simply  con- 
finns  the  views  of  Strassburgcr,  the  botanist,  Hensen,  R.  and  O.  Hert- 
wig,  Weismann,  and  others,  namely,  that  sex  has  evolved  from  the 
necessity  of  cell  conjugation;  that  even  in  the  higher  forms  tbe  cells 
bom  by  the  two  sexes  are  absolutely  neutral  so  far  as  sex  is  concerned, 
the  wide  difference  of  form  of  the  germ  cells  is  a  result  of  physiological 
dirision  of  labor — the  mass  and  yolk  of  the  ovum  haviug  been  differ- 
entiated to  support  the  early  stages  of  development  while  the  siKtrma- 
tozoon  has  dispensed  with  all  these  accessories  and  acquired  au  act 
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vibratile  form  for  its  lunctioii  of  reaching  and  penetrating  the  ovum. 
Tbc  cvidoncp  of  tlie  Infusoria  is  paralleled  nniong  some  of  the  plants, 
in  wliich  conjugation  between  entirely  similar  cells  ia  observed. 

The  causes  flually  determining  sex  may  come  surprisingly  late  in 
development,  and  according  to  the  investigatious  of  Piising  said  tlie 
experiments  of  Yung*  and  of  Giroii  are  dire<;tly  related  to  nntrilion. 
High  feeding  favors  an  increase  of  the  percentage  of  females,  while, 
conversely,  low  feeding  increases  the  males.  In  Yung's  experiments 
with  tadpoles  the  following  results  were  obtained : 


Ocddes  expresses  this  principle  in  physiological  terms  of  nietnbolism, 
that  anabolic  (constructive)  conditions  produie  females,  while  katabolic 
(destructive)  conditions  produce  males. 

I  think  we  may  now  safely  eliminate  the  factor  of  sex  from  our  cal~ 
culatioiis  upon  the  problem  of  heredity,  and  thus  rid  ourselves  of  one 
of  the  oldest  and  most  widespread  fallacies.  We  shall  thus,  in  amiig 
the  terms  "paternal''  and  '-maternal"  imply  merely  the  distiiictioo 
between  two  lines  of  family  descent. 

The  theory  of  reilnction. — Tliis  leads  us  back  to  the  si^^iiBcance  of 
the  polar  bodies.  Van  Beneden's  discovery  that  these  bodies  con- 
tained chromatin  led  gradually  to  the  view  that  they  were  not  frag- 
ments of  the  ova,  but  represented  minute,  morphologically  complete 
cells.  UHtschli  showed  that  thoy  were  given  oft'  independentlyof,  ami 
prior  to,  the  contact  of  the  spermatozoon,  and,  fimling  in  the  lefcbea 
that  the  first  polar  Imily  subdivides  to  form  two  bodies,  ho  considered 
them  as  formed  by  true  cell  division,  and  containing  both  nuclcopIasiD 
and  chromatin.  Giard  independently  reached  a  similar  opinion,  a»- 
Bifrniiig  an  atavistic  meaning  to  tlie  polar  cells.  Whitman,  in  1878, 
adviuu-ed  tho  idea  that  rhey  represent<'d  \estige8  of  the  primitive 
niiKlo  of  reproduction  by  fission,  while  Mark  described  them  as  "abor- 
tive ova." 

At  this  ix>int  s[>ecnIation  subsided  until  it  was  revived  by  Weis- 
manri'M  attempt  to  connect  these  bodies  with  his  theory  of  heredity,! 
alremly  referred  to.  The  whole  history  is  clearly  given  in  II.  Hert- 
wig's  masterly  memoir  upon  Ovo  and  Spermatogenesis  in  the  Nenia- 
fodc8.t    Taking  advantage  of  Boveri's  discoveries  in  staining  tecb- 

-Si-o(i«l<lcg  anil  Thomson:  The  EvoIhUoh  of  Sw,  ISfll;  also,  Dilsiag:  Die  Rfg^ 
licrnii);  ilea  (•(.■RchlechtHvcTliiiltnisseB  Ih-i  iI.  Vernipliriini;  iter  MdisrhRn,  'litre  iind 
Pllauzun,  Jn.  Xeil./.  Xatar.,  B(l.  17,  ISSl. 

■  "-» the  Number  of  Polar  Botliea  .■(n<l  th»ir  Si^'nilicancc  iu  Heredity,  1887. 
id  Somen bilituug  bet  [>>iu:it4>ileti,  Jrchiv.f.Mikr.  Anat.,  Bd.  26,  1890. 
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niqae,  anil  tstinitilated  by  Weit^tUiiuii's  prediction  that  speriuatozoa 
voold  also  be  found  to  extrude  i>olar  bodies,  this  author  exauuned  all 
stages  in  the  peculiarly  favorable  ^nii  cells  of  the  thread- worm  of  the 
horse  [Ascaris  megalocephala). 

He  made  the  soriirising  discovery  that  ova  and  Kpeimatozoa  are 
formed  in  a  snbHtautially  Kimilsir  mnDiier  by  repented  diviBions,  the 
single  difference  being  that  tlic  last  products  of  divisi<jn  among  flic 
sperm  cellij  are  effective  speimatozua,  capable  of  development  in  fer- 
tilization, while  th  e  last  products  of  division  in  the  ovary  are,  first 


Tbb  Mattbatio: 


pntwlje.}  A.  uri^iDA]  wmi-coll  In  cniUrvimic-  i-priEk-liiyer 
■vlf.  C-D.  First  nDlnrlKKlymtrudird:  £,  Splliliiiiuf  ttr 
SncoDd  pvkr  Wj'  rxirudcil;  Oviiiio  nmiiin'  nllli  2  rciili 


UHtJoroilK; 
^ — .  .  ..,i  nnlsrliiiiLi-fiTtrudMl>  E.  Siilliliiw  iif  Hnl  niiLar 
id  polar  bi 

the  tme  ova,  and,  second,  the  ubortive  ova  (polar  cells),  incapable  of 
development.  In  both  ova  and  s[)erinatozoa  the  nuclens  contain«  bnt 
one-half  the  chromatin  wliich  a  typical  nucleus  containa;  in  the  case 
of  A.  megalocephala  each  of  the  germ  cells  contains  but  two  chroma 
Bonies  while  the  nnrmiil  Itody  cells  contain  four.  The  manner  in  which 
this  maturation  of  the  germ  cells  for  conjugation  is  brouglit  almut  is 
beautifully  sliowu  in  these  diagrams,  taken  from  Weismann's  essay, 
"Amphimixis."  You  observe  that  the  nnmber  of  chromasomefi  in  the 
primai-j-  germ  cells  is  four  (Figs.  11  and  12,  A ).  Then  are  formed  by 
Bnhdivision  the  ovum  and  sperm  "mother  cells,"  in  which  the  chro- 
matin subsUince  is  donbleil,  so  that  we  observe  eight  chromasoin»"« 
The  mother  celi»  then  divide  and  the  chromatiu  is  reduced  t< 
rods,  a  second  division  rapidly  follows  whereby  tbecbi-omatin  isrii  , 
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to  two  rods,  ur  lialf  the  original  quantity.  Tberit!  last  divisions  take 
place  by  karyoliineais,  biit,  as  Ui^rtwifr  points  out,  they  differ  from 
typical  karyokiueHis  in  the  fart  tliat  tlio  divisions  follow  so  rapidly 
upon  each  other  that  the  vesicular  resting  period  of  the  iincleus  ia 
omitted.  Thns,  be  snggests,  is  prevented  an  overaocnmiilatiou  of 
chromatiQ  siibRtauce  prior  t<i  the  fusion  of  the  ovum  and  sperm. 


mmiurwls:  jl,  -iwn"  iiintlmr  idl— /r.'"li.i  C-JI.  li'tst  <l»nEliterwlT»  will!  4  n-N  ra.'l.:  H-F,  lonui- 
Ooii  af  wv(>p<1  dHiij.'li1.'r  irllH.  or  iiiKlim'  >|.<tiuii1oii>».  kIiIi  i  n-ln  PHi'h. 

It  is  evident  that  the  [wlur  cells  are  rudimentary  ova,  whicb  do  not 
possess  the  yolk  mass,  etc.,  essential  to  development,  and  are  divider 
off  at  a  veiy  late  stiigc,  sometimes  after  the  egg  has  left  the  ovary, 
but  are  in  other  rospeot-s  analogous  to  the  spermatozoa.  The  reiiam 
these  ]>olar-ceIl3  have  not  disappeared  altogether  in  either  phmtsoc 
animals  is  that  they  originally  jjossessed  a  deep  ])bysiological  impor- 
tance. As  the  Urst  polar  i-ell  snhdivides  and  forms  two,  it  follows  fhit* 
from  both  ovum  and  sperm  mother  cells  four  daughter  cells  arc  foimeilt 
each  coDtahiing  half  the  chromatin  substance  of  a  normal  nucleus.  In 
the  oA-ary  three  of  these  daughter  cells  abort  and  the  fourth  forms  a 
true  ovum ;  in  the  sperm  gland,  however,  all  four  daughter  cells  fon" 
spei'inatozoa. 

We  may  thus  consider  the  polar  cell  problem  as  in  all  [irobability  set- 
tled; the  whole  process  is  probably  an  inberitance  or  survival  ">f» 
primitive  condition  in  which  all  four  ova.  like  the  four  8pcrraato»>»i 
were  fully  ftmctional. 

The  relation  between  the  chromatin  and  heredity. — "VVe  have  .just 
seen  that  the  last  stages  in  the  preparation  of  the  ova  iiud  sperraato- 
2Qj^  f^^  "ATiiiigjition  result  in  halving  the  number  of  rods  in  the  origiu^I 
jr  "Mow,  as  Ilertwig  and  Weismann  point  out,  one  point  is 

Dci-zec  by  Google 
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still  left  in  dr)ubt.  \Vliy  is  the  clu'Oiimtiu  HUbst^ni'e  doubled  iu  the 
motber  cella  so  that  two  successive  siib-divisions  are  nec^HSary  to  reduce 
it  to  halt'tbe  original  qiiaiitityf  Hertwig  ]iai*  not  attempted  to  iinswer 
this  question,  as  he  prefers  to  wait  for  further  research.  Wei^maiiD, 
however,  wlio  ie  unforlmiately  cut  ofl"  from  research  by  failing  eyesight, 
lias  offeral  a  spe<;ulative  solution  to  ihis  problem  which  he  truHtts  may 
guide  futare  inveatigatioQ. 

This  leads  me  to  say  a  few  words  in  regard  to  his  coneeptiou  of  the 
relation  of  the  chromatin  to  heredity,  (t )  His  first  premise  is  that  in  fer- 
tilization there  is  not  a  fusion  of  chromatin,  but  that  a  certain  independ- 
ence is  pre-served  betwet'D  the  inateiiial  and  paternal  elements,  baaed 
upon  the  observed  fact  that  t  lie  two  pairs  of  rods  do  not  fose  bat  lie  side 
by  side,  and  upon  the  assumption  that  ttacHe  pairs  are  kept  distinct  iu 
each  cell  thn)ugli  all  the  Riibseqiieii  t  stages  of  embryonic  and  adult  devel- 
opment If  thin  is  thei-Hse,  the  hereditary  Kubstance  contributed  by  the 
father  would  remain  separate  from  that  coiitiibtited  by  the  mother, 
tbronghout.  (2)  "  Kach  of  these  pairs  would  be  made  up  of  the  col- 
lective prediHpoaition^  which  are  indis]>eiisable  fur  the  building  up  of 
au  individual,  but  each  ixissesses  an  individual  character,  for  they  ate 
not  entirely  alike.  1  have  called  irnch  units  'ancestral  plasms,'  and 
T  conceive  that  they  are  i^nitained  in  nuinliers  iu  the  chromatin  of  tlic 
mature  germ  cells  of  living  organisms,  also  that  the  older  nuclear  rods 
are  made  up  of  a  certiiiu  iiumljer  of  these.  -  -  -  Obviously  these 
nnita  can  not  become  infinitely  minute;  however  small  they  may  be 
tliey  inustalways  retain  a  cei-tiiin  size.  This  follows  ti-om  the  extremely 
complicated  structure  which  we  must  without  any  doubt  ascribe  to 
them."  These  units  ai-e  not,  however,  ultimate,  they  are  in  turn  ex- 
tremely complex,  and  are  comiwsed  of  countless  biological  miit^^  of  the 
kind  conceived  of  by  Sagcli  and  others.  (3)  The  reduction  of  the  chro- 
matin only  acquires  a  meaning  when  taken  in  connection  with  the 
above  suppoijition  of  distinct  ancestral  iiliisnis,  and  has  uo  meaning 
if  we  accept  llertwig's  view  that  there  is  a  complete  fusion  of  ma- 
ternal and  paternal  germ  plasm.  This  meaning  is  that  reduction  in 
the  mataration  of  germ  cells  is  nui  ijenerh,  it  does  not  divide  the  aiices- 
tial  plasms  into  two  similar  groups,  but  one  daughter-cell  receives  one 
set  of  germ  plasms  or  hereditary  predispositions,  and  another  daughter 
cell  receives  another;  reduction  is  thnsdifi'erential.  According  to  this 
view  the  four  sperm  and  oviun  daughter-cell^  would  each  contain  a 
(lifiTerent  set  of  ancestral  plasms.  (4)  The  fact  that  the  chromatin  sub- 
stance ia  doubled  in  the  speiiii  and  ovum  mother-cells,  so  that  we  ob- 
serve double  the  number  of  rods  charac  I  eristic  of  the  species,  is  to  be 
exphiined  as  an  adaptation  to  the  requirements  of  natural  selectiou, 
'or  this  doubling  and  siibsefiuent  double  division  render  jwssible  an 
iiiAnite  number  of  combinations  (as  many,  in  fact,  as  thci'e  arc  individ- 
uals) for  selection  to  operate  upon. 
This  explanation  of  Weisinauu's  is  an  example  of  his  apotbeosi"  •>*" 
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tbe  theory  of  uatural  selection.  Every  process  is  made  to  sail  tlus 
theory,  \rhicli,  as  we  have  seen  in  the  first  aad  second  lectures,  is,  io 
his  opinion,  the  exclusive  fector  of  evolutioD.  But  this  very  high  de- 
cree of  minglinp;  and  re-niiiigling  of  ancestral  predispositions  would  be 
fatal  to  evolution,  for  after  a  combination  favorable  to  survival  had 
been  estnblialied  in  one  geueration  it  would  be  broken  up  into  a  new 
combimitiou,  jterhaps  unfavorable,  to  snrvival,  in  the  next  geuerjtion. 
This  entire  essay  upon  "Amphimixis,"  or  the  theory  of  mingling  of  re- 
duced hereditary  substance,  will,  I  believe,  mark  a  torning  point  lo 
decline  in  Weismaun's  intluence  as  a  biologist.  His  whole  reasoning 
is  now  in  a  circle  around  the  uaturni  selection  theory. 

The  meaning  of  cnnjug^ttion. — VVeismann  looks  upon  seraal  repra- 
ductioQ  Its  designed  to  mingle  hereditary  tendencies  and  to  create  in- 
dividual dift'ercuces  whereby  natural  selection  may  form  new  species. 
It  in  evident  that  these  combinations  must  be  mainly  foitnitons  and 
productive  of  indefluito  variation;  but  we  have  seen  that  evolution 
advances  largely  by  the  accumulation  of  definite  variations,  or  those  m 
which  each  successive  generation  exhibits  the  same  t«udencies  to  de- 
part from  the  typical  ancestral  form  ia  certain  parts  of  the  body,  and 
that  these  ti^ndencies  stand  out  in  relief  among  the  diffiised  kaleido- 
scopic or  fortuitous  anomalies. 

The  fact  moreover  that  variability  and  evolution  by  the  accumolft- 
tiou  of  certain  variations  in  sueccssive  generations  is  also  observed 
in  organizisins  which  rci>roduce  asexwallify  both  among  plants  and 
animaln,  shows  that  we  must  look  in  another  direction  for  the  under- 
lying canse  or  purpose  of  sexual  reproduction,  Weismaiin  rightly  com- 
bats the  old  idea  of  "vitalization"  of  tlieovum  by  the  spermatozowi, 
and  it  is  perfectly  evident  fi-om  the  rese<irches  of  Muiipas  and  Hertwig 
thnt  the  ovum  inaj'  as  accuiately  be  said  to  vitalize  tbe  spermatozoon 
as  the  rcverHc,  Fccnndation  ia  simply  the  approximation  of  two 
hereditary  substances  of  distinct  origin  and  tbeir  Incorporation  into  a 
single  nucleus.  The  action  and  re-action  of  these  substances  may  be 
oousidere*!  e<iual  and  mutual,  so  far  as  we  now  know. 

The  remarkably  ingenious  experiments  of  Hertwig  and  Bo%'eri,  above 
altudtnl  to,  strt'ngthen  this  idea.    Some  years  ago  Weismann   wrote: 
"If  it  weti'  (vissibleto  inrroiliicc  the  female  pronucleus  of  an   egg  into 
another  egg  of  the  same  spiH'ies,  inunediately  after  the  transformation 
of  the  nnf'lens  of  the  latter  into  the  female  pronucleus,  it  is  very  prob- 
able that  the  two  inich-i  would  conjugate  just  as  if  a  fertilizing  sperm 
nucleus  had  penetrated.     If  this  were  so,  (he  direct  proof  that  egg 
nncK'tis  and  sihtui  nucleus  aiv  identical  would  be  furnished."      Boveri 
sncctHHled  in  awtimplishing  a. similar  feat  by  depriving  an  ovum  of  its 
nucleus  and  subseipiently  causing  it  to  develop  by  admittinir  a  sjN^rma- 
which  fertili/ed  the  dcuncleated  ovuui  and  pnxinced  a  complete 
■al, 
losing  the  vitalizing  pnipcrtics  of  the  s)ierm,  Weismann  bow- 
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ever  went  further,  and  advocated  the  view  thut  there  ih  iiotbiog  in  the 
n»t[irc  of  Wtalizution  or  "  rejuveneBcence  "  Id  conjufiiatioii — thiit,  given 
prDpereiivii-oniiient,  protoplasm  is  imiDortiil,  iind  rui)9  upon  a  coarse 
of  UDdi  mil  lis  lied  M^tivity.  This  we  have  Heeii  is  not  the  case  in  the  in- 
fusoria, mid,  as  recently  remarked  by  Hartog,  there  is  only  one  class 
of  organisms  wliieh.  according  to  our  present  knowledge,  are  com- 
pletely nganious  and  immortal — namely,  the  Monadina.  It  may  in 
fature  api>ear  that  even  in  the  moaad»  there  is  a  cycle  for  the  develop- 
ment in  which  conjugation  plays  it»  part. 

Manpas^  experiments  seem  to  estiiblish  the  primitive,  and  therefore 
the  ti-ue,  intiTpretation  of  the  purpose  of  conjugation  as  well  as  of  sex, 
the  latter  being  a  consequence  of  the  former,  namely,  that  after  a  long 
period  of  direct  subdivision  of  hereditary  material  from  a  single  in- 
dividual,  a  limit  is  reached  beyond  which  the  forces  of  heredity  are 
not  reproduced  in  their  original  intensity  unless  co'inbiiteil  with  another 
set  of  similar  forces  of  different  origin.  This  combination  restores 
the  original  intensity.  It  js  objected  tfl  this  that  two  sets  of  feeble 
forces  can  not  constitute  one  vigoi-ous  force,  but  this  is  met  by  the 
observed  fact  that  such  union  does  start  a  new  life  cycle,  and  ia  there- 
fore rejuvenescent.  We  may  regard  this  as  the  faudamental  meaniug 
of  conjugation,  and  the  i>roductiou  of  variations  as  entirely  secoodary. 

The  distribution  of  the  chromatin. — We  have  now  reviewed  some 
of  the  main  phenomena  of  fertilization;  there  still  remains  the  relation 
of  the  hereditarj' substance  to  the  future  development  of  the  indind- 
nal.  There  is,  first,  the  astonishing  fa<'t  that,  as  the  i-liromatin  goes 
on  dividing,  its  mass  or  volume  remains  apjiarently  undiminished; 
that  is,  there  is  api>arently  as  much  chromatin  in  one  of  the  many 
million  active  cells  of  the  liody  as  in  the  original  fertilized  ovum,  and 
there  is  still  an  enigma  as  to  the  nature  of  this  chromatin  and  its 
functions.  Secondly,  there  is  the  problem  of  the  maternal  and  pater- 
nal elements  in  each  cell;  do  they  lie  side  by  side  or  are  they  fuse^lf 

1.  In  phints  DeVries*  and  others  believed  that  all  or  by  far  the 
theater  Dumber  of  cells  in  the  plant  body  contain  the  total  hereditary 
cliaracters  of  the  species  in  a  latent  condition.  Kollikerf  has  fully 
tliscuHsedtliisquestionand  called  attention  to  Miiller's  early  views  that, 
ia  spite  of  the  physiological  division  of  labor  producing  the  tissues, 
the  proi>erties  of  all  the  tissues  can  be  derived  fnim  the  nuclear  sab- 
ttance  of  a  single  tissue,  as  proved  by  ex^ieriments  upon  the  lower 
wimals.  Weismann,  on  the  other  hand,  has  held  that  the  eonrse  of 
development  is  marked  by  a  constant  qnalititive  distribution  of  his 
eenn-plasm  or  hereditary  snbscaoce,  so  that,  so  far  as  nuclear  content 
ia  concerned,  there  are  three  forms  of  cells:  (I)  with  nucleo-plaam; 
(2)  widi  1 1  HI -hto- pi  asm   and  germ-plasm;    (.'))    with  geim-plasm  only. 

'  Hugode  VrieH:  Intrai*i'lltil:ir>-  raiiReneHis.    Jeua.  IxKi, 

*DU  BedeutnuK  <ler  /.■■llkcrne  fiir  die  VoT|ci<iif[r  iler  Vt-ivrbiiD^,  Zeit.  f.  Wiw 
<^L,  ^M&.     Ad<1,  Daa  Karyupluamu  uod  ilie  Verccbuug,  op.  cit.,  18S6.~  ^i  i  >|  > 
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KJilliker  opposes  this  idea  anil  inaiutaitis  that  the  "idioplasma"  passes 
into  all  cells,  in  which  it  divider  iu  course  of  development.  Step  by 
st^p  from  the  embryonic  layers  tothe  tissues,  the  constractive  proe- 
esses  are  under  the  direction  of  the  nuclei  containing  this  hereditary 
substance.  It  remains  in  every  nucleus  for  along  ]>erlod  unaltered,  id 
order  to  finally,  liere  earlier,  there  later,  impress  its  constructive  forces. 
In  certain  element's,  as  in  blood  corpuscles,  eiudermal  scales,  ete^  it 
disappears,  aji  the  last  product  jjf  division, 

K.  Hertwig  takca  a  similar  view.  Since  embryonic  and  adult  cell 
division  is  differential,  there  must  be  a  form  of  ditterentiation  in  the 
nucleus;  but  this  does  not  consist  in  the  total  elimination  of  some 
qualities  and  survival  of  others,  nor  of  a  I'eduotion  iu  mass.  The 
moss  and  the  proi>erties  remain  tlie  same  in  every  cell;  the  differen- 
tiation consists  in  the  activity  of  <^«rtain  elements  in  certain  tissues. 
Thus  we  may  saySrith  I>e  Vries  that  different  "iiangene"  may  leave 
the  nucleus  and  enter  the  cell  in  different  tissues;  or  with  ISiigeh,  that 
special  "micella'''  come  into  activity  at  certain  points;  in  other  words, 
the  {Mitential  of  tlie  nucleus  is  differently  exerted.  Here  again  we 
have  the  idea  of  patent  and  latent  hereditary  elements,  such  as  appear 
in  the  entire  individual  upon  a  larger  scale. 

This  is  one  of  the  most  interesting  problems  tor  future  investigaticm, 
but  the  direction  of  research  will,  I  imagine,  cover  a  larger  area  of 
cell  content  than  the  nucleus,  as  we  are  now  swinging  back  to  regard 
the  extra-nuclear  aix-hoi>lasni  as  an  imi>ortant  factor  iu  the  proi-ess. 

In  the  following  paiagrnph  Hertwig  expressed  his  view  of  uuckw 
control  and  cytoplasmic  differentiation : 

"As  1  saw  in  the  transformation  of  the  nucleus  during  fertilizatioD 
proof  that  it  is  the  bearer  of  hereditary  substauce,  I  recognized  a  great 
advance  in  the  fact  that  the  nucleus  leaves  in  the  same  tbrm  in  every 
cell,  and  in  its  vesicular  ciipsule  is  somewhat  removed  from  the  metamor- 
phoses of  the  ct-lls.  As  Niigeli  spreads  his  idioplasm  as  a  net-work 
throughout  the  whole  body,  so.  according  to  my  tlieory,  every  body- 
cell  coutaiuMl  in  its  nucleus  its  quota  of  hereditary  substance,  while  itis 
spei'ilic  histological  peculiarities  wci'e  to  be  legurded  as  its  plasma 
I>r<Hluets. " 

2d.  The  next  quc>tion  is  the  fate  of  the  maternal  and  paternal  con- 
tributions to  the  embryo,  ilei^e  there  is  a  wide  difference  of  opinion. 
On  the  one  side  Van  Beuwlen  is  the  leader  of  those  who  regard  each 
<-ell  of  the  body  asina  sense  hermaphroditeias  we  have  seen,  his  views 
of  maturation  and  the  significance  of  the  extension  of  the  polar  bodies 
were  colored  by  this  the*Hy.  fi.rheregardetl  the  germ  i-ells  as  hennaph- 
nHiite  until  one  sex  was  eliminated.  Itut  now  that  the  researches 
of  Hertwig  have  given  the  last  blow  to  Van  Bene<leu*s  theory,  and  it 
folhiws  that  there  can  lie  no  male  and  female  cliromastimes.  there  still 
remains  rotmi  tor  the  analogons  view  that  the  maternal  and  paternal 
ehiwnatmes  rem:iin  distinct  throu^rhout  the  course  of  developmeut. 
lal  elements,  but  as  substances  nith  the  8Uu«  racial  and 
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H])ecific  but  diflerfiil  tiidivitltiHl  t{'n(leiic'ie.-s.  Itabl,  nii  einiiieut  eui- 
br>*o'ogist.  r)han;s  tliis  \'k-w,  »ihI  it  in  siipp<irtt<<l  by  Boveri  upoii  tlio 
observntioii  tliut  in  each  iliviKioii  tbe  pat«ni:il  aud  iiiat«rtiiil  elitnu'nts 
itre  kept  dixtiiict,  and  iu  AKcarh,  for  cxaui])lc,  two  of  thf  (-liromasoniee 
of  each  division  llgui'O  ai'e  pntcrniil  and  two  ai-e  muternal. 

Id  favor  of  tbi«  hyi>othesi«  we  may  place  thf  foUowiup  facta:  Ist, 
that  there  are  ud  even  number  of  t-tan)masome  ro<ls  in  all  t^ells;  2d,  that 
the  number  is  cunHtflut  tlironghont  all  the  Hubseqiient  changes  in  the 
tisauea;  3d,  that  the  number  is  fixed  for  eiu'h  species  or  variety ;  4th, 
that  the  nuinber  is  the  Kanie  in  eaeh  sex. 

Against  this  replaceraeut  hyiwthosis  we  must  consider  the  extreme 
complexity  of  the  ^livisioo  process,  and  tbe  long- resting  or  thread 
stage,  in  wbiHi  tbe  chromatin  lies  in  a  confused  coil.  Further,  Hert- 
wig  argues  tbut  if  the  elements  are  distinct  we  should  find  some  evidence 
that  tbe  materim]  or  paternal  part  is  atrophied  orrepla^red,  ot  excluded 
from  the  nu<;leu.s,  for  botb  part-s  can  not  sbare  alike  in  the  control  of 
tbe  cell.  These  are  llertwig'a  gnmuda  for  supjiorting  the  "verschmel- 
sangstheorie,"  or  fusion  the«iry,  also  a<lvo(^ated  by  Waldeyer,  to  the 
effect  that  by  the  complete  union  of  tlie  maternal  and  paternal  sub- 
stance a  new  protluct  is  formed;  in  this  fusion  tbe  law  of  prc-jMtbmcy 
may  come  into  play,  causing  out!  or  other  of  the  pan^ntal  tendencies  to 
liredominate,  or  there  may  be  an  even  redistribution,  wbereliy,  as  ex- 
pressed by  lleiisen,  ''the  hereditary  substance  of  the  son  is  not  that 
»f  the  fiither  plus  that  of  the  mother,  but  is  bis  own,  with  a  new  heredi- 
tary- form  resulting  from  the  combination.'' 

\Vhile  susi)eiidiug  Judgment  between  these  two  views  as  to  the  sep- 
vation  or  fusion  of  the  chromatin,  we  may  api>i-al  tt}  the  exterrml 
phenomena  of  heredity  for  light  n|)on  the  probabilities  in  the  question 
First,  I  refer  to  the  very  decided  opinion  of  Francis  Galton  in  n'gard  to 
particulate  inheritance;  he  is  so  impressed  with  the  fact  that  we  are 
made  up  bit  by  bit  of  separate  structures  derived  from  diftcrent  ances- 
tors that  he  has  even  suggested  that  the  skin  of  the  mulatto  may 
represent  not  a  fusion  of  white  aud  black,  hnt  an  excessively  fine 
inoKaic  in  which  tbe  colors  are  m>  distributiHl  as  to  give  the  ap|>earance 
'if  blending.  We  do  sometimes  observe  patches  of  color  as  evidence 
of  uneven  distribution.  -\s  Galton  distinguishes  two  tyiM-s  of  stmctureti 
*ith  leference  to  iidieritance.  vi/,  those  which  blend  and  thorn-  which 
'lonot  blend,  we  might  correlale  the^e  ty])es  with  pn'-|H)tency, replaee- 
tneiit.  and  ftision.  Where  characteristics  <lo  not  bb-iid,  as  iu  eye-color, 
it  is  evident  that,  while  the  oftsjiring  must  receive  from  b<rfh  jiarents 
Ibe  material  basis  lor  the  formation  of  the  complete  color  of  the  eye, 
either  the  mat«.'rnal  err  paternal  material  must  lie  pre|M>tent  and  ex- 
Hnde  the  development  of  the  other;  the  logical  inference  is  that  the 
[umicractivity  replaces  tbe  latter;  but  it  Is  not  necessary  that  exclnsioD 
iromtUe  cell  chromatin  should  foIh»w.  Now.  while  some  blends  se^-m 
^  Buinwrt  the  theory  of  fusion,  ilie  sum  total  of  fact*  of  heredity  are 
H.Mis.  114 — -2^  Dcr:scb>GtX>glc 
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tstroD^ly  against  this  as  a  iiuivt^rsal  i)i'iiii-iiilti,  tor  luaiiy  luatenial  and 
paternal  stnu^tures  are  preserve*!  iu  their  absolute  int«};rity  for  geuer- 
atious  without  the  least  iiidicatiou  of  niistuie. 

Cell/orce«  aitd  hereility. — We  have  thus  far  been  considering  only 
the  clirumatin  as  the  heredity  substance  pur  excellence^  and  have  dis- 
regarded for  the  time  the  arcbo-plasm  nr  dyiiamii;  material  of  the  ccU. 

If  we  ad\'aiiee  u|»oii  the  hypothesis  that  a  tj-pical  cell  coutains  tJie 
more  or  less  passive  chromatin,  and  the  arcbuplosm  playing  ni>on  this 
chromatin  iu  course  of  every  phase  of  re -distribution,  it  seems  a  jtricri 
improbable  that  elements  which  are  associated  with  every  vital  change 
should  be  dissociated  iu  the  i>henomeua  of  heredity.  We  might  sqi)1>0)V 
that  the  mecbanius  of  karyotiinesis  arc  exa<?tly  similar  in  every  cell 
of  one  individual,  but  it  is  hifihly  improbable  that  they  should  1*  ex- 
actly similar  in  two  individuals.  We  should  therefore  anticipate  the 
joint  transmission  of  the  chromatin  and  archopla^m.  implying  by  tlie 
latter  the  dynamic  centers  eapeiiially  couuectcd  with  hereditary  fonctioii 
as  distinguished  firom  the  general  functions  of  mebibolism. 

This  leads  us  to  look  for  evidence  from  the  life  of  the  cell  in  iu 
totality.  We  owe  to  Dr.  Max  Verwoi-u*  a  fresh  treatment  of  tliis 
subject,  based  upon  exi>erimental  researches  among  the  Infusoria, 
mainly  by  the  extirpation  method.  As  his  experiments  included  ouly 
the  phenomena  of  living  cells  in  ivhich  the  chromatin  substance  was 
of  course  undiflferentiate<l  to  the  eye.  be  treats  of  the  nneleus  as » 
whole  without  distinction  as  to  chromatin  and  aciiromatiii.  llewm 
eludes  that  the  physiological  importance  of  the  nucleus  is  exhibited 
in  its  constant  interchange  of  materials  with  tli©  remainder  of  thewH 
body;  ouly  through  this  interchange  does  it  influence  the  cell  aud 
control  its  life  processes.  The  interchange  is  in  triple  carrent^,  «• 
from  outside  of  cell  to  cytoplasm;  b,  fi\>m  cyto-jdasm  to  nucleus:'-, 
fntra  uiicleus  to  cytoplasm.  These  inovemeiita  of  interchange  are  the 
expression  of  life  phenomenii.  He  compares  the  rule  of  the  nucleus  to 
that  of  a  cell  organoid,  like  chlorophyll,  as  not  constantly  present  but 
as  invaribly  necessary  to  activity.  .Thus  he  believes  even  the  most 
lowly  organized  »-eIls  have  nmOcar  centers,  and  that  even  bacteria  arf 
diH'erentiated  into  unclear  and  extra-nuclear  areas.  Coupled  with  tbi* 
idea  of  nuclear  control  is  the  somewhat  paradoxical  statement  that 
the  nnclcns  is  not  a  dynamic  center,  either  automatic  or  regulating, 
and  the  conclusion  that  the  nucleus  alone  can  not  be  the  seat  of  fet- 
tiliKution  and  heirdity,  but  both  tlie  nucleus  and  extra-nuclear  pro 
toplasm  must  cunstifutc  the  matei-iai  basis  of  heredity.  This  conclu-sion 
is  ill  tlic  dirtH-iion  of  the  general  rcatrtioii  of  opinion  which  is  nov 
tnking))lacengiiinstthc<-eiitriilization  of  cell-government  in  the  nucleus. 

Vague  as  tliey  must  necessarily  be,  our  ideas  of  cell  fbreea  are  some- 
t  further  delinei)   by  the  brilliant  experiments  of  the  Uertwig 

>i«  PliyHi.>]<>t;iHclii)  Hciluntuug  dcs  Zellkerna,''  Jirhir  ftir  PkfMologie,  1891,  pp- 


PRESENT   PROBLEMS   IJf   EVOLUTION   AND   HEREDITY.         371 

brothers  upon  genu  cell  pliyoiology  and  jtutltology,  wliicb  are  full  of 
stiggestiou  as  to  the  causation  of  ubnormalitiea  in  iiiberitaiice.  These 
were  begun  iu  ^S6^,  and  were  flrst  directed  to  the  iuflaence  of  gravita- 
tion npon  the  planes  of  cnihryouic  cell  division,  following  up  tho  ex- 
I«riiiietitd  of  Pfliiger  and  Kauber.  In  1885  tlie  conditions  of  baKtard 
fertilization  were  studied;  iu  18S7  the  causes  of  )>oly8i)eriny  or  mul- 
tiple fertilization;  and  in  180U  the  efl'ticb^  of  extreme  heat  antl  c^old 
ii[>on  germ-cell  fuuetions."  In  general  the  conclusions  reached  were 
that  in  tlie  normal  state  there  exist  regulating  forces  iu  the  oviim  which 
prevent  multiple  fertilization  or  bastard  fertilizations  (i.  c,  by  sperma- 
tozoa of  other  varieties),  but  these  forces  are  nentrnlizcd  where  the 
life-energy  of  the  cell  is  diminished  by  reagents  or  by  extremes  of 
temperature. 

For  example,  in  the  normal  state  the  entrance  of  a  single  si>erma- 
tozoon  produces  a  reaction  in  the  ovum  wall  preventing  the  entrance 
of  other  spermatozoa,  but  when  the  ovum  is  weakened  by  clilorutonn 
(wlution  two  or  more  spermatozoa  enter  before  the  reaction  appears;  in 
fact  that  degree  of  polyspenny  is  directly  prop<irtional  to  the  intensity 
of  tbe  chemical,  thermic,  or  mechanical  disturbance  of  the  ovum. 
Doable  fertilization  or  over-fertilization  has  not  in  a  single  case  ivanltitl 
in  the  production  of  twins,  so  that  Ful's  supposition  is  negatived, 
although  other  forms  may  behave  differently.  The  cell  funi^tion  may 
Iw  arrested  at  any  stage  by  thermic  iuHuenccs;  thus  two  pronuclei, 
liatemal  and  maternal,  about  to  unite,  can  be  held  apart  by  lowering 
the  temperature.  I'olyspermy  also  results  from  a  lowered  tempera- 
ture. It  is  noteworthy  that  the  conditions  of  bastard  fertilization  and 
polyspermy  arc  difi'ercnt;  chloroform  produces  the  latter  but  not  the 
Tornier.  Kupffer  has.  I  believe,  sacceeded  in  producing  twins,  or 
rather  two-hea<led  monsters,  by  abnormal  fertilization  in  fishes. 

These  researches,  although  made  with  a  different  object,  re-establish 
tbe  older-  views  as  to  the  inter-dependence  of  unclear  and  extra- nucleikr 
activities,  and  show  that  no  sharp  line  of  demarcation  of  function  ran 
be  drawn  between  the  nucleus  as  a  center  of  reproduction  and  heredity 
and  the  cytoplasm,  as  tbe  seat  of  tissue  building  and  nutrition.  In 
Boveri'a  discovery  of  tlie  archo- plasm ic  centers,  or  centrosomes,  we  find 
positive  ground  for  this  broader  view.  It  is  connected  with  the  cell 
phenomena  of  heredity  in  the  following  manner: 

While  the  union  of  the  nuclei  in  fi-rtilization  is  the  most  obvious 
feature,  this  union  is  dependent  upon  the  archo]>lasm,  which  re-arranges 
the  nuele^ir  elements.  If  the  s|iermatozoon  contains  no  archoplasm, 
this  jtowcr  can  not  come  from  the  parentiil  side;  but  Itoveri  shows  that 
tbis  is  probably  not  the  cajw  and  tluit  the  spermatozoon  brings  its  cen- 
tiosome  with  it,  thus  entering  the  ovum  with  both  the  parental  chro- 
matin substance  and  dynanuc  material,     it  is  certain  from  this  and 

'Experimentelle  ruti-THrii'bnngen  iibcr  die  B«iliot;"tiiE«ii  iler  UuHtanlbeft-nchtuQg. 
Jena,  1886.     See  series  of  impers  iu  Jenauclie  Zeilichri/t. 
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from  tlKMibMTValioiiHof  Koux  that  thf  G|M>riii  veil  is  now  to  be  regarded 
ao  iiiun-  tItHii  :i  iiiei->-  nucleus,  that  it  coiitains  Ixtth  iiucleia  iud  para- 
itucleii*. 

IitU-M-*'l)ulMr  foiTCs. — 'flK-  fbrceK  within  the  difl'ereiit  ixtrtiuits  of  the 
fi'M  Icuid  iiH  t4)  <-<>nMi(Ii'r  thost^  which  must  t- xist  b«'tweeii  tliffi'reiit  rell«. 
ThiM  in  an  ohwcurc  titivHtioii  at  prenent;  but.  an  I  hav«-  observed  in  tW 
liUmf  ttftUt:  m-<-iiiid  h'l-turc,  it  is  an  extremely  imjHirlaiit  tim-  iu  i-omm' 
tioii  with  thf  |»mbh-m  of  hcn-dity. 

Ak  I'nif.  Wilrtoii  writes:  "'My owiKMiiivietiidi steadily groww that tlie 
rdl  in  not  II  self-ic^T'ihitiug  MK^iliaiilNm  in  itself,  that  uo  lell  is  isolated, 
and  that  Wt-istiian's  fiiiidiiinontul  {iioixmition  is  falNe.'' 

It  in  a  loriK  '*t<'i>  iHitwiu'ii  an  f>  priori  convicClou  and  the  demoiistra- 
tliiii  hy  ex|it'i'inii'rjt  of  ii  i-oiiehitlnii  of  ii«c«s  betwci^n  the  t-eils,    TLis 
M'j-inH  to  nif  a  nioHl  inipurtMot  field  of  ex)>ei'iment.     We  have  se<'ii  iu 
Muii|itiH'H  work   llial    Ihi'  contact  of  two  infusoria  initiates   a   rapid 
Hi'i'ii-H  of    inl4M'iial  i'ljan}re»;    we  Inive  only  to  ciinceivi-  of  analogous  ' 
('liiint(<'H  liikin;;  phKc  when  two  cells  uie  not  in  actual  contact,  as  iu  I 
the  plieiLoiiicna  of  pn-viou-s  fertilization  lefenvd  to  iu  my  second  let-  i 
title.     Ilei'twi^  anil  others  have  shown  how  gravitation  is  related  tu  [ 
cell  activity.     Itonx  has  destroyctl  half  im  embryo  with  a  hot  needle  iu 
the  Itrsl  stages  of  sct!:uu'nt';)tiou  and  followed  the  other  half  througb  , 
the  st4ijies  of  niihseqnciit  develo|im^ut.     Another  clever  cxperimeutei  I 
hiiM  Iwincil   Icrtili/ed  ova   n|>sidc  down   during  the  early  stages  of 
di'vclo|iiuent.  und  shown  how  the   )m>to]iIasniiu  jjole  und  yolk  pule 
foirihly  change  places.     Driesch  has  traced  the  connection  and  mean- 
ing of  the  llr»t  jihinc  of  clenvagc  iu  the  embryos  of  echinoderins,  and 
has  siiecwHled  iu  iiiisiug  iv  siuall  «dnlt  tVoni  half  an  embryo  ai-tificiallj 
Ht'tmrat^Hl  during  the  tirsi   cleavage  stage,     Wilson,  iu  the  larva  of 
Ncit'is,  has  shown  how  a  certain  stage  of  division  in  one  group  of  cells  | 
alteets all  the  other  gixnips.     All  these  exjwriments  aiv  in  tbelineof  j 
dcterniiniug  the  relations  which  exist  between  iuterual  cell  forces  and 
other  natural  foives.     What  we  must  now  seek  to  determine  la  tlw 
relation  of  cell  to  eel)  throughout  the  body,  in  eouuectiou  with  the 
lilicnoiuena  of  heixility.  I 

t'f>Hflnxi<iMS. — IVrhaps  the  most  innm'saive  result  of  our  review (rf  j 
niviil  VTsciiivhcs  in  evolution  and  hei-edity  is  the  nnifonnity  of  I*  i 
imw-csses  ihiimghont  the  whole  scale  ofhfe  from  the  infusoria  toman. 
The  most  striking  auahigy  is  that  sivn  iu  the  laws  of  fertiliiatioo  wd 
nni_iugntion,  which  aiv  shown  by  Maa|Kis's  researches  toliavebewi 
establishwl  sul>st;>ntiall,v  in  their  pn-sent  form  at  a  very  early  period  in 
the  evoint ion  of  living:  ovjiituisnts.  Snch  nuiformitj- faruiahesapoweniu 
argument  for  thcadvocoics  ofthestiulyof  biologj  as  an  iutrodnctio"*^ 
lhcam>l>eil  sciemvof  nietlicme.  Much  that  is  now  entirely  oiuitted 
'  luiHhcal  <tl«<  ill  lou,  l*ci;»nsi'  it  is  <Hinsiilere»l  too  rvmot«.  is  iu  nahty 
•  very  r»H>lsoi"  the  scicikv.     To  understand  the  disorders  of  !>" 
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ire  should  first  thoroughly  imde  rotund  th«  essential  phenomena  of 
normal  life.  Of  course  we  shall  never  see  life  as  it  really  in,  Ijccause 
there  is  always  something  beyond  our  highest  inagDifying  lowers;  but 
we  come  nearest  to  this  invisible  form  of  energy  when,  with  such 
JTivestigfttora  as  Hertwig  and  Jfaiipas,  we  strip  the  life  processes  of  all 
their  acu^essories  and  view  them  in  their  simplest  external  form. 

The  problems  of  evolution  are  found  to  lie  iusejiarably  connected  with 
those  of  heredity.  So  theory  is  at  all  ade<niate  which  does  not  explain 
both  classes  of  facts,  and  we  have  seen  ttiat  the  explanations  offered 
by  the  two  opposeil  schools — those  who  lielieve  in  the  transmission  of 
acquired  eharaoters  and  those  who  do  not — are  directly  exclusive  of 
each  other.  We  should  suspend  Judgment  entirely  rather  than  eease 
to  gather  from  everj-  quartitr  facts  which  bear  upon  the  most  imimrtant 
and  centra)  problem  of  the  transmission  of  a^qnired  characters.  I 
have  endeavored  to  jwint  ont  the  opportunities  which  medical  practi- 
tioners enjoy  of  contributing  evUleiiee  upon  this  mooted  question.  It 
ijiiist  not  be  forgotten  that  wldle  the  inheritance  of  individual  adapta- 
tion to  environment  is  the  simplest  methfxl  of  explaining  race 
iuiaptation  such  a^  we  observe  in  the  evolution  of  man,  we  know  abso- 
lutely nothing  of  how  such  inheritance  can  be  effected  through  the 
eerm  cells.  "We  can  not  at  pi-csent  construct  even  anj-  form  of  working 
hypothesis  for  sneh  a  process.  On  the  other  hand,  we  have  found  how 
unt^natde  is  the  alternative  theory  ottered  to  iis  by  ^^'eismanD,  that  it 
id  !<olely  natural  selection  or  the  survival  of  the  fittest  which 


At  the  same  time  WeiBmaiin's  conception  of  a  continuity  of  germinal 
protoplasm,  which  we  iiave  found  Ut  consist  in  chromatin  jdns  archo- 
plasin,  helps  us  over  many  of  the  phenomena  of  henidity,  especially  on 
the  retrogressive  side,  and  if  it  were  not  that  we  miist  also  account 

.    for  progressive  and  definite  transformation  in  heredity,  we  might  credit 

1    the  ilistingnislied  Freiburg  naturalist  with  having  looseneil  the  Gor- 

)    <liau  knot. 

)  In  summing  a]i,  the  order  of  treatment  followed  in  the  lectures  may 
be  reversed,  and  we  can  begin  with  the  germ  cells,  and  condense  the 

I    more  or  less  ascertained  facts. 

I       The  germ  cells: 

I       (1)  The  material  sub.>4taiice  of  hereditary  transmission  is  the  highly 

i  Mloriug  protoplasm,  or  chromatin,  in  the  nucleus  of  the  germ  cells, 
rrohably  conne(^ted  with  a  certain  form  of  archophism,  or  dynamic 
protoplasm  outside  of  tlie  nucleus. 

(2)  Before  conjugation  and  fertilization  the  hereditary  substance 
of  both  the  male  and  female  cells  is  reduced  to  one-half  that  found  in  a 

i  typical  cell.  This  substance  is  however  first  doubled  and  then  quar- 
tered, the  meaning  of  which  process  is  not  understood. 
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,  J,  Thtjiv   is  i*  <lifliwea«*  wf  opinion  as  to  whether  the  paternal  and 
mtiEunial  h«r«tiitarT  ^obutacees.  dnring  fertilization,  are  fused  or  lie 
side  t>y  ijidu:  aisv  at*  to  bov  tb«  substance  is  dintribatcd  tbroagb  tbe 
tis^uvs.  whether  en  ouiaHe  tw  by  qualitative  distribution. 
Hemiity: 

■I)  No  utmiN^'noB  between  tbe  germ  cellw  and  body  cells  is  known, 
!hh  rh*  tjjM-ts-  oi  lieredity  seem  to  render  such  a  connection  theoreti- 
i-t*ll>  n*^>-i.j^r» ,  ^jevend  i:lai»se:>  t>l'  facts  connected  witli  reprodnction 
■i««HB  I'd  -m|>)M>rT  this  chetiry. 

,1i  Th»*  tiKts  or"  hec««lirT  rapport  the  theory  of  a  contiuQOUK  and 
»pvt'iiK-  Turm  »l  )>n>[oplaism  us  tbe  Intsis  of  repetition  of  t>-pe. 

biMilUtltMi: 

(►■  I'lw  tite-tN  I'l  ev.ilutioo.  both  in  present  and  past  time,  point  to 
ttiui>iot'mi>Ju  '>>  dedMice  {>rogressiou  toward  new  tjpes  of  structare 
111  •^(■(^-•tiuiji  -euemtious^opptistngthe  retrogressive  forces  of  heredity, 

;■  I'he  tiieor\  natural  selection)  of  deJinite  progression  by  the 
;i<,vuitiiilatiou  ol  liirtuitous  favorable  variations  is  found  to  be  not  only 
tluvivindlly  improbable,  but  not  to  correspond  with  the  observed  laws 
111  \,uuttti(u. 

Si  t'hv  laws.uf  variation  (auomahes)  lend  support  to  the  theory  of 
iK-ii'ditiuy  ti-HiifUuis.-iiou  of  individual  acquired  variations,  bat  even  tbb 
t  l..iu>.tiifciaii)  theory  encounters  many  difficulties. 

1  iliiuk  tliiii  it!.  u.-<  fair  a  litatement  as  can  be  made  at  the  x>resent 
itiuv.  'tud  it  iv^ts  ui>ou  a  general  survey  of  the  whole  field. 
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By  Prof.  Dr.  J.  A.  PALMfeN.t 
l!tliing/or»,  Finland. 
[Tianslated  from  the  (iermau  by  C. 


The  annnnl  migration  of  binls  lias  at  all  times  attracted  the  atten- 
tion of  tliinking:  Dien  but  in  very  different  wnys.  Tims  this  plieiiomenoii 
»wakes  in  the  simple  peasant  other  thong^hts  than  in  the  man  of  cnl- 
ture;  tlie  i>oet  and  th<>  naturalist  took  njton  the  retnrnint;  docks  with 
other  feelings  than  tlie  hunter.  Natural  philosopher.s  finally  take  up 
the  migratiun  aM  a  very  complieatetl  problem  for  inveatigation.  They 
regard  it  however  from  different  points  of  view,  and  accordingly  the 
question  is  treated  in  dissimilar  ways. 

Linnt't  admonished  natural  philosophers  to  observe  the  migration 
of  birds.  But  this  collecting  of  data  could  not  be  done  methodically 
before  tlie  necessity  for  simnltaneons  observations  over  greater  areas 
bad  made  itself  felt  by  the  exaniitiation  of  geo -physjeal  ([uestions, 
and  in  this  ilirection  a  |>rognini  was  ]ira<;tically  carried  out.  Quetelet 
then  in  the  year  1841  asked  that  the  changes  in  living  nature  also  be 
iiote<l  in  a  comprehensive  and  regnlar  manner,  and  his  conutryman  <le 
Se  I  ys- Lot  I  get)  amps  proposed  to  collect  exact  data  specially  on  the  mi- 
f^Tation  of  birds.    This  rcpeate4l  warning  was  now  obeyed  with  zeal. 

'^nbmitti'il  tt>  the  Kfcoiiil  InteruatioDiil  Ortiitbolo<;ical  Conjn^Hs  in  Badapest. 

I  When  ill  llio  tult  of  1890,  the  Hiiugatian  camiiuttec  for  the  Seuund  luternntiounl 
Ornithological  Coii)jruH!<  in  IliiiU-feNth  cburgeil  mu  witli  thu  iliity  of  prepM'ing  the 
rfport  on  the  ittat-e  of  our  kiiowlitlKo  re)(ar<liu^  thi'  iiii}n'''t>ou  of  birilH,  a  far  (leepur 
nblijjation  was  ut  the  hiiiik'  titiie  nOicially  luiil  npou  me,  tlic  fulliUiiieDt  of  nhirb 
re(|uireil  )(reHl  »■  xertiona.  Itiit  the  pTOBjiert  of  lieiiig  al>Iu  ti>  saf  a  word  on  such  an 
occaition  about  tlie  Hiilili'ot  which  hwl  become  ilear  to  uie  wy  too  enticing;  and  in 
Ihe  hope  that  I  might  he  able  todtsi-hargeni.v  oftii-ialiliities  by  New  Year,  1  pruitiixed 
to  place  my  small  ubilitius  at  the  disposal  of  the  roxumitt^e. 

rufortiinntely  I  wilm  uii«tuki-ii,  nnd  tfiose  duties  (ire  not  yet  perfiinned.  I  did  not 
ptrwve  the  full  srope  of  (he  work  iiiilil  after  it  was  too  lute  to  turn  it  over  to 
anolber  sperialitt.  And  so  nothing  reniuinnl  but  to  perform  in  (he  Hlinrte^'t  ]>oHHible 
lime  an  almost  impoHBilili'  task.  No  one  ran  be  more  consriong  of  tha  defects  of  the 
present  report  than  the  person  uaking  it.  Wlieu  lie  vcntun.'H,  however,  to  appear 
v  itii  it  before  the  Second  IntcriiatioiiHl  l.lrnilholo)(icalC'ongTesN.  hediiosit  iu  tbehojie 
thai  in  pasBing  .indgmi-nt  iipnu  it  thi-  above  cirRiiuiHtanceN  may  Ije  dnly  cousidoriil. 

The  writer  hopes  tu  be  nhh-  to  treat  the  subject  more  cxbunstlvcly  on  another 
wcasicm.  and  thus  tc)  remedy  in  a  meuwnre  the  del'ectH  of  the  pi'esent  ttratisc. 

Uelsihuforx,  ^ag  (.',  ISOl. 
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V\'ln«li  Iliinii'M-  liti|>i>lii(«<)ii  tlioKidti  of  physicists  and  climatologists 
liWHmc  U>H,  III!'  imiiliry  n-ssumeil  adeqoate  form.  The  arrival  data 
writ'  I'ltiiMidvrpil  liko  othtT  i-limatologienl  observations,  and  treated  in 
\\\i>  WHIM'  luHHiUT  iia  tlie  uotii-cs  on  temi>emtare.  all-  pressure,  et«,,  with 
tlto  \)t>\v  itf  tlmtiii;:  an  expre.'^sion  for  the  climate  of  the  corresponding 
n^KhM)S.  TIm-  Iwrti  of  ivk^ia^rv  was  regarded  as  a  complicated  apparatus, 
t\\  iWiih^rx'jtihMi  of  vliioh  the  cliniatological  problems  coaldbeex- 

:^vil.vi;r>ts  >i..«v\nr  owiM  doi  {Wmiit  the  bird  and  its  migrations  to 
>*<  Tx^uMf^  TiM<Pcl\  »>  a  «»«ins  to  serve  other  pnrposes,  but  botli  con- 
Ml  1  iitWi  tniiiiptin<it<ji'i  y>T'.  Nk-ais  in  ilieinselves.  dependent  only  in  certain 
■>tsivv't^  U!*«Ti  .■■(iiiiiiw^  c;-  I;  «as  a^etl  therefore  how  the  question 
>-.cv  »/  )w  I  vttiiKioii.  ii  '  1  ^  ry^Mcd:  and.  as  may  readily  be  conceived, 
tH.-u^-x  •%'■••»*   m-  -If    ■■M»  T^inz  sogjtested  which  the  climatologist^ 

■,  .  -<.,  ;«.-.o  ■ '  '■  ;■»;»(!' ii'irical'*  material  of  data  abunt  the  arrival 
■  .1..  .v.M.t.LT  :■•.  •.;-'is  i:?i^{iiii««i  Hie  chantcter  of  an  ari-phenologt- 
.  ..I'.rt.v  ..  tv  :N,'n't>«r  :r»';naiout.  ic  w.ts  desired  to  fix  the  course  of 
>i\    '1.^   ..  ■■.t    '      v  -H"*'"*- '"""'•■':  *Bd  with  this  view  first  of  all  an 

ill' .-  !..»;-     o  U.e('i;:::f   ts  rime,  in  order  to  judge  first  by  thatof 

n,  .;:u\.-'.i    .  ■  :■    '1  ,!:u:i'i».     Two  means  were  now  available: 
I       am  .i.<,,i   n  ui'v;ti  r'ti>iu*i«f  year  only  were  to  be  used,  because 
,■1.:,'.  ^vu.i   •*   mmi'tirTrU  wiili  one  another  (Kessler.  135:;,  South 

v»»    uoiit   ».-.  iii.iii\  >*'iu>i  as  [H)!>sibie,  in  order  that  the  errorsof 
..;.,,,  iv.u'.ii.  nii,m'i.uil>U'  iu  any  ease,  could   be  mutually  corrected. 
\,   Mi<M<  iiiIi'Lil.    Iv>.>,  Utis^au  blmptre.) 
Uv'.u  n.i.>iiii,.iix  viciv  \fry  ditticnlt  to  fiiliill,  the  former  however, 

...  ,1,1    ili.ui  llit>  liiUi'i. 

\i  >ll  f\(iitN  twill  mcthwisoflered  a  good  view  of  the  gradual  prog- 
I,.,  ..I  Ml,' itiid -iiiwies.  as  heretofore  of  that  of  the  increase  of  tern- 
,.,  1  n  nil'  iiiit  xii.Lihir  ctiiuHtoiogical  phenomena,  but  hardly  anything 
.,,,.1 ,       t  III'  ii'in  tiision  th;it  the  migration  takes  place  at  right  angles  to 

'  ■    -  -vmwl  Justitied;  but,  with  regard  to  the  direction  of 

HI  to  l>e  as4'ertained,  could  not  i>ossibly  prove  more 
t'liiisi's  themselves,  the  methodsof  iiiqairy,  ami  the 

of  thi'  "clinintological"  conception  of  the  problem 
toiidiii^  methods,  something  medium,  somethiii-:  of 

values  hiid  li>  attach  to  thi'  result,  which  honever 
t'  |i|ti'iioiiii'ii()ii  itt^elf. 

It'll  of  birds  is  by  no  means  a  meteorological  but  a 
ent'ii.  The  ipicstion  is  aliont  the  advance  of  living 
mvi-  .uvi'idint;  to  their  own  will.  Their  paths  must 
id  Mil'  ivsiitt  of  this  inquiry  must  be  given   mnch 

tlii>  iid\auwof  the  spring  warmth.    For,  since  the 
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imlvidaal  can  i>a»d  oyer  only  one  line  of  nit^j^ratiou,  the  question  arises 
whether  flock»  of  individalm,  and  even  the  whole  Bitecies,  can  not  in 
the  .tame  manner  follow  fixed  routeR  which  suit  them.  Otherwise,  how 
does  it  happen  that  t.'ertain  species  appear  in  nnmbers  every  year  in 
flxe«!  plaees  withont  showing  themaelves  in  the  neiRhborbwHlt  How 
comes  it  that  the  single  individuals  at  last  find  their  way  back  to  their 
old  nesting  plai-esf  The  climatological  methoilNdo  not  siiffl(«  to  answer 
these  questions;  others  must  be  applied. 

As  in  any  complicated  problem,  the  order  in  which  the  difi'ereiit  sides 
of  the  (luestion  are  taken  up  is  not  a  mutter  of  iudifferenre;  for  the 
knowledge  of  some  of  its  sides  indisputably  helps  Ui  an  understanding 
of  certain  others.  Which  side  of  the  phenomenon  of  migration  is  to 
form  the  scaffidd  f  Which  must  be  understood  first,  in  a  measure  at 
least,  before  the  other  questions  <iaii  be  prcqierly  asked,  much  less 
answered. 

In  fact,  a  principal  problem  of  the  investigation  falls  within  the 
domain  of  zoogeography,  for  it  must,  first  of  all,  be  establishe<1  which 
route  the  species  takes  before  the  time  required  to  traverse  this  route 
and  other  cir<'uin3tances  connected  with  its  passage  <'aii  I>e  considered. 

Sunderall  ^minted  out  empirically  the  course  whitrh  the  investigation 
had  to  take  when,  in  the  year  1871,  he  made  known  the  routes  of  migra- 
tion of  the  crane  in  Europe. 

With  the  conviction  that  only  a  systematically  considered  investiga- 
tion conld  explain  the  niignitions,  the  writer  examined  the  question 
(Paluien,  iiber  dk  ZngntraiiseH  der  Viiffel,  1874,  lS7t!)  with  particular 
regard  to  only  a  small  number  of  liyiierborean  species.  It  seems  neces- 
^ry  to  go  into  the  question  ste]i  by  step,  and  first  of  all  to  fix  the  route 
i)f  those  siiccics  of  birds  whose  migrations  seemed  proper,  to  place  in  a 
f\cM  light  the  methods  of  investigation  to  be  employed;  for  in  this 
relation  it  is  not  possible  to  (-om|>are  all  si>eeics  of  birds  imr  all  the 
regions  i>eaetrateil  with  one  another. 

In  the  choice  of  the  zi)ii-geogra])bic,  and  therefore  of  the  avil'auaal 
material  to  be  employed,  two  diflTerent  gi-oups  of  facts  especially  pre- 
sent themselves. 

(1)  Either  the  general  migration  of  dift'crent  sjiecies  wonld  have  to 
l)einvestigiiteil,  which  is  known  to  have  awakened  the  most  intense 
interest  of  observers  in  many  places ; 

(2)  Or  every  individual  sjiecics  is  to  be  Ibllowed  sejtarately  through 
all  the  regions  which  it  visits  in  its  migration. 

The  enormou.s  masses  of  migrat^try  birds  which  pass  through  certain 
Diirrow- bounded  regions  long  since  attracted  attention,  for  alt  descrip- 
tions from  those  regions  are  highly  iiicturesque  and  entertaining. 
Nevertheless,  these  rather  toucli  our  sentiment  than  our  reason.  They 
liiive  the  questions  whence !  whither!  whyt  unanswered,  simply  be- 
ciiuse  each  species  can,  properly  sjieaking,  an.-^wer  these  questions  only 
in  its  own  manner,  bnt  we  oursehca  can  not  separate  and  understan'' 
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the  iudividual  voices,     TUf  wLolc  tbiug  muxt  tiierefore  appear  to  us 
OH  a  compliciitroa,  though  a  very  iiitei-cstiu;:  one. 

Here  also,  then,  an  average  answer  is  of  no  hsp,  but  the  whole  n»u8t 
be  closely  analyzeil.  Thia  however  can  not  I»e  Attained  by  study  of 
the  general  migration.  Just  as  a  tangle  of  threads  can  only  be  hM>BenHl 
liy  gi'tting  out  tlie  single  tlireads.  ko  out  uf  the  net  work  of  migratory 
rout4;>4,  that  in  out  of  the  '■  highway."  the  separate  road  of  each  sjiecifei 
of  bird  nnist  be  picked  out  and  fobowed.  And  this  work  pre-supposes 
the  knowletlge  of  the  last  iiametl.  which  however  can  only  be  acquired 
where  the  nugration  assuines  a  simpler  aspect. 

The  e\irtttiii<-e  of  narrowly  limited  roads,  ramitied  in  a  cbaracterUtic 
inannei'  for  each  siK'cJeti,  was  felt  beforehand  by  zoologists  who,  in  their 
InvdKtigiitions,  (le|>ended  ngwn  the  less  pnxlnctive  climatological  metb- 
ihIn.  ThiiH  in  atbniratile  manner  von  Middendorff  compared  the  routes 
of  Mcpiuato  HiM'cies  of  birds  with  the  different  forxns  of  shrubs  and  treee 
which  n'eit>  driiwn  on  the  paper.  The  leaves  correspond  to  the  nesting: 
liliu'cH,  the  Inuncht's  are  to  compare  with  the  routes,  and  the  roots  witb 
lh«>  wiiiUir  <)uiirtei-s.  Un  the  map  the  shrubs  would  bear  their  folia^ 
not  far  IVoni  Ihe  roots  (U'awn  somewhat  more  to  the  south;  the  ti'ees— 
llkcwiat^  raiiiilled,  but  of  lofty  growth — would  takeahigher  place;  and. 
iiiiramllked,  HOtne  gigantic  sttilks  would  Jut  out,  which  on  the  map  take 
ciKil  ill  l-lKyi>l,  but  with  tlieir  branches  shade  the  coast  regions  of  the 
(ni/Mt  Hca,  beyond  the  tree  limits. 

With  Mit<  indis{M;nsably  necessary  geographical  determination  of  the 
roiilcH  of  Hcparat^t  spiwies  of  birds,  all  reliable  local  faunas,  as  well  as 
Miiiallci'  lists,  must  first  of  all  be  us<;d  its  material  for  investigation,  and 
ifioicjivci',  all  notices  of  isolated  disi^iveries  of  a  species  of  bird  in  placei< 
wiiicli  the  migration  jtasses.  Snch  isolated  notices  and  minor  works 
arc  indted  the  extreme  roots  of  the  inductive  zoJi-geogruphie  inqniry- 
Out  of  the  entire  ornithological  literature  therefore  a  (Himparison  is  to 
Im  nia<leof  all  a4rcouut8  of  the  appearance  of  a  species  of  bird.  Coun- 
try after  country  must  make  its  contribution,  and  for  each  district  a 
separate  conclusion  must  be  drawn  for  the  species  in  question,  and  the 
result  added  to  that  of  the  next  district. 

The  writer's  investigation  of  the  migration  of  some  birds  breeding  in 
the  Arctii;  regions,  carried  out  on  these  priu<-iple3,  yielded  certain  re- 

■■'"     ■ '  ■  ' 1  not  be  here  considered  in  detail,  b^t  it  may  perhaps 

ome  of  the  raaiu  points. 

igration,  these  birds  do  not  by  any  means  take  any  di- 
ise,  nor  do  they  follow  everywhere  one  and  the  same 
|t8  a  "general  migratory  route."  They  rather  folio* 
>graphically  bounded  ways,  whose  bends  depend  [iri- 
topographical  relations  of  the  regions.  Other  not  more 
ine«l  hjiiHiies  of  birds  also  act  in  the  same  or  an  analo- 
ui-At  their  migrations,  taking  place  almost  vyer^vbeve, 
to  extremely  ramified  routes.  The  routes  of  migration 
iiit4i  Mcveral  (Categories  acconling  to  their  character. 
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The  order  of  niigr-ition  of  the  itidi  vidua  Is  iimj-  be  redueed  to  two 
Gimple  tj'pes:  (1)  where  a  iitiiuber  of  individuals  move  from  one  place 
to  anottier  without  changing  their  n-lative  ]M»sitionN  (naclieiuander- 
2"g);  (2)  where  the  relative  positions  are  changed,  wome  moving  more 
rapidly  than  others  (voriiber -Kug):  with  nil  transitiontt  between  the 
two. 

The  irregular  migrations  also  are  to  be  distinguished  fixim  the  regu- 
lar, and  the  stray  visitorw  are  to,  be  eonsidered  in  barniony  with  this 
principle.  These  stray  visitors  can  essentially  contribute  in  the  spring 
in  dift^rent  ways  to  the  extension  of  the  breeding  district. 

Theoretically  the  origin  of  the  migration  jnstiiu-t  becomes  somewhat 
more  comprehensible  tban  betrtre;  and  the  explanations  found  might 
be  fit  to  caase  a  new  discussion  al>out  tlie  phenomenon  of  migration. 
This  conception  of  the  particnlars  of  the  migrations  met  with  appro- 
val on  nniny  sides.  Nevertheless  the  voiire  of  Mr.  H.  F.  von  Homeyer 
was  soon  raiseil  against  it,  from  whose  work  ( IHe  Wanderungen  der 
Togel,  18S1)  I  have  brought  together  the  following  leading  views:* 

Birds  usually  migrate  in  a  fixed  direction, — in  the  greater  i)art  of 
Europe  essentially  from  northeast  to  sonth-west.  The  maintenan<-e  of 
this  direction  deiiends  on  the  birds'  sense  of  direction. 

The  i>assage  of  a  particular  spetnes  exteiKls  over  every  single  iioint 
within  its  migration  distriet;  for  the  birds  fly  so  high  in  the  air  that 
the  direction  of  their  flight  becomes  independent  of  the  topogra;>hy  of 
the  ground.  From  this  height  they  perceive  suitid>le  resting  places, 
where  they  can  repose  or  stop.  By  combining  such  phiees,  the  ))re- 
teiided  migration  routes  are  constructed,  which  by  no  means  correspond 
to  the  facts.  The  birds  do  not  move  along  linear  routes,  at  least  not 
along  coast  ways.    They  move  with  an  extendeil  l¥ont,  everywhere. 

Oidy  in  isolated  places  are  the  birds  compelled  bj'  insurmountable 
obstacles,  like  high  mountains,  to  deviate  from  the  general  direction, 
and  to  collect  together  iu  larger  numbers  at  one  point  tban  at  another, 
The  eri-oneously  so-called  stray  visitors  have  by  no  means  gone 
astray.  They  are  simply  rare  birds,  which,  owing  to  the  incomplete- 
ness of  the  observations,  are  overlooked  in  most  places. 

All  theoretical  speculations  on  the  migration  ai'e  to  be  rejected. 
They  are  not  only  uweless,  but  direxitly  injurious;  because  they  only 
forestall  the  real  observation  of  nature,  and,  instead  of  advancing 
knowledge,  merely  ojien  the  door  to  fan»'y.  The  tendency  to  (wnstrnet 
hypothetical  migration  routes  for  the  birds  has  sprung  from  the  now 
popular  endeavor  to  trace  everything  back  to  the  Darwinian  doctrine. 
In  later  years  Hartwig  followed  E.  von  Ilomeyer's  conception  of  the 
conr8eofthemigrarion(./oMrn./.  Ornith.,  ISSo,  p.4L'7;  compare  also  Har* 
tert. ././.  Ornith.,  1887,  p.  2.".1  and  XS89,  p.  234). 
The  writer  had  already  in  the  year  1883  published  bis  '-answer"  to 
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llti>  itiilliui  111  lliK  'MiuiiuiMuiiH".    'I'lmt  ciiiict-ption  bus  at  all  events  its 

ititlliniii.t   111  tUv  |it'i'»t>iitil  i>|iliil(>n  III'  tlio  ri'iHiwued  author.    It  could 

lnitti'vvn  Iki  nitl>  ^tt»H'pictliiiit.v  III  rii»rtl  wi're  lbtinde<l  npon  a  material 

Ml  louiiiiKiiii'tU'it  i)t>  tit,  ami  i'<>iii<liiNii>ii8  Imd  Iteeu  tvacbed  from  tliese 

\H  ,k  Milt  il.\  ti-t^itiil  <ii<tl  i'i>iiMviou(ii>U!*iiiuiin»'.    iU-4'aas«-.ki>m¥TFr,these 

,.>tt>li'i.>i>.x  \\vu>  \«<iii(ii<>i,  tk  |iiiiv).v  M'it'utiHi-  esiimiDatMaitir  tbc  ^ii'ws 

,.\«<i.  v<>»M  So  iiLitU'  i>al,\  nitli  ilillk-iilty  or  not  a1  JtlL    fUit ifiHrnssion 

,,s..ii  -■..:>  i.iKv  I  he  K'liii.'in  iK'ifuiiiulili'tViisc,  wliicJi  c^mttMi;  ^UI  rreots 

x.sov^« U.I. ,  .1  .«>  II i>  I lu-  t|iit»t  1.111.  iliiUtil  l)v  till' ninniM^  iti  iHii  inLixk. bat 

,^',■.^l  ^^■;.ll.t■l■tv  luili-  In  ttio   lUHUvr  t'lluitl;Uiilll  «f  T.bf     lml))l-UL  Kselt 

\    lii-i-   i.iviin..ii   »'!l   sHifiw  tv'  -Ji"*  tb.*".  liwvi'itnT  ^iml  lunther 

^...v-B...:^*.    ->    i..i'"»  •  'hi.m;- ■  .'iiir  ■<  itr  -  1IL-CH-*  n   ^lumi.nMr  tbe 

v.-^.....v   ..'..«     V    ■  — -i   uni  -•■••■  T.i  -.     3t  iiiMnniiiitoL  imiv^n^iflj  that 

.!^    ..«;     .1.  .  ^-.-  -^   ■    •.;'.^  t'-    ii.r   u:->-<-  in>:;mai~i'-  mil  :iilHt' Ehatt 

,,  -  ^-. .    -   -.  ■  --"    '  ■      -'-'      ^'■■«  in-enun  ii  -an  -^x    liity 

„       .    r-    h. .    H11    '-ii' "  ;>-■■  ii  T";in:i»aii  IE  7iit(  ^mniL-^iBd. 

,-,, ,  -i>       ;-.    ■  ~       .■■.-..       Ill-  ...  ;!.  •__-vifl>2b   llUITt^V  [lIlUBS. 

,  .., ■•    -    ■_    --    ii' -i ..'- ;— rT!.i;.-i.     Tiit- uiiirUiMa 

,,       ,         .,  .  ■    _  :      —J.'      -   wiii-n^   Xiitrf*   -sjiBt'i'i-  lad 

~     .  :   ..ii-  - 1,..- within  wMi«-r  iKunifl*..    IV 

•iij'i-  fn'"n|)  tbfi!i'"f'lT+-.  liii^  in 

^     •      ■■ -I" -T.mc«->.  branrb  oni  and  rti  3«v 

■.       ■  ..■■    III;.  -    i"  nut  lit-n;  i-oiitiDe  tbrtB^wihnw  » 

.>.     ;     1     II-     -:?')«  boHliclvd  KGctious  of  liffWOBf. 

,  -     ?     i;i.    -  -  "iv  (w  eiiiiceivcd,  ii  widw  fav*;;  t 

.:   .p.p.  ii-  .:-  seem  t<»  allow  that  here  Mh^ttr- 

..     .,   -m  r*.  .i-  prevent  rhi-  unliiiut*^!  ex»*?aM 

,.  ,,^       .  »   ■■  .:iT  species  of  bmU  esist  whiriiai' 

-i„    - .  ■',  ir^iti-iu  of  the  ^rroniid  and  oo  the 

■1.  ,i-  lU-^  b*-forehand. 

1.  I  ■  • .  «D<i  fviTT  form  diflTeriiif;  in  the  Kb^t- 

,  1 .  ■....       ;*>-s-ii'ile.  b»?  treated  separately.    A  wb- 

■I.     viiLiieit  ti'sTMlier,  which  in  the  inigration 

^   ■.  .  i  ..'\.     Thus  in  certain  respectaa  want  of 

....  1.-.      1   >i- '<>  sotiir  extent  supplied  by  analc^esio 

...  ,  ■    (,:•■  :ii';irrin^nt ot'lieteropeneuusapecieswui 

■  .;  s,..!!:!-!..-  tnvK<ti|ratiimnf  migration,  and  in 

:!>.-<  i  '.iz  -ivvies  are  known  to  follow  one  and 

...     I  -  -ytrv-v  has  it.s  cause  in  topographical 

,^  ■.■    ■-   lift  and  are  only  perceptible  in  the 

•    ., .    -i  vc  "i  Li  jbways  to  the  problem  of  mi- 

,  ■,  Ii  ^-ci.a."  whioh  perhaps  all  the  species 

.,  •»  i.ii-  ,■•■  ■■■.:i^uts  should  follow,  does  not, 

,  ^>i ;     ■  •:   •.;<^l  conoeptiou  of  the  phenomeuoii 

t  :4-  .''.ik>'    :^^i  tnuQ  exact  scientific  discus- 
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sioii  a  special  declaration  foi'  "biixls"  in  geiientl  cau  claim  no  Hcieuti&c 
vulne.  Sut'U  general  es  press  ions  ai'e  to  be  avoided,  bofaiise  they  may 
easily  leiul  astray. 

As  already  i'emarke4l,  tiie  view  of  tlie  existence  of  geogrivphically 
defined  routes  of  niignition  began  to  lucvail  grjulually,  and  almost 
simultaneously  witli  the  eomidetion  of  tlie  writer's  work  similar  state- 
ments appeared  from  tbe  most  approved  quarters,  for  example,  fl*om 
Wallace  and  A.  von  MiddeudorfT.  Tlie  writer  can  not  omit  to  mention 
that  in  a  personal  interview  he  i-eceived  the  full  appix>bation  of  tbe  last- 
named  venerable  investifiator  of  Siberia,  The  a])prnvaj  ofvVug.  Wels- 
inanu  may  be  regarded  as  of  gieat  importance  Witli  regard  to  zoology 
in  general,  and  finally,  Uadde's  well-known  statement  "that  every- 
where on  earth  tbe  direi-tiou  of  tlie  migration  intimately  depeinls,  and 
iseven  dictatorialty  eonditioned,  on  the  i-elief  of  the  land  wbicli  tbe 
birds  pass''  (1884). 

For  the  continued  investigalion  of  tbe  ])lu'noiiieuon  of  migration  in 
the  sense  above  mentioned,  it  seemed  absolutely  necessary  to  obtain  a 
large  quantity  of  obs<rrvations  from  tbe  most  dill'erent  places.  For  in- 
definite  accounts  of  tbe  occun-ence  of  the  species  of  birds  in  great«4' 
districts  jiermitted  no  reliable  conebisions  regarding  tbe  local  extent 
of  the  migration  ronti's.  It  rather  seemwl  desirable  to  obtain  numer- 
ous observations  on  the  migration,  repeati«l  every  year,  just  as  is  done 
in  the  study  of  meteorological  phenomena. 

For  these  reasons  Mr.  Keiebenow,  at  the  spring  meeting  of  the  Uni- 
versal German  Ornithological  Society  in  Brunswick,  on  May  22,  1875 
{■Joum./.  Omith.,  1875,  p.  ;J47),  pointed  t<i  the  necessity  of  colltMitiug 
observations  on  tbe  migration  of  birds  according  to  a  uniform  plan  in 
diverse  regions.  It  was  then  referred  t<)  a  committee  to  promote  the 
inquiry. 

The  calling  into  existence  of  this  committee  for  observation  stations 
of  the  birds  of  Germany  is  known  to  tbe  world;  as  also  its  annual 
reports,  which  have  appeared  since  tbe  year  1876  in  ever  increasing 
size,  and  whose  editing  has  reflected  the  greatest  credit  on  Prof.  B. 
Blasius  and  Pi-of.  A.  Keichenow.  It  is  also  further  known  how  this 
example  of  Germany  found  imitators  in  AustrisvHungary,  theobaerva^ 
tions  made  there  being  first  (1880,  1881)  i-eceived  in  tbe  German 
reports,  then  from  the  year  1882;  appearing  independently. 

Every  ornithologist  is  also  iicquainti-^l  with  tlie  progress  of  develop- 
ment of  this  question  iuGreiit  liritain,  whei-e  observations  were'beguu 
from  tbe  year  1879,  es[)ecially  in  tbe  lighthouses,  and  published  an- 
nually. 

Independently  of  these  elJ()rts,  investigations  of  faunas  of  diflerent 
small  and  large  tnu^ts,  as  well  as  of  general  migi-ations,  were  started. 
More  will  be  said  further  on  about  these,  as  well  as  about  the  niagniH- 
cent  arrangements  in  North  America. 

So  far  had  the  question  advanced  when,  in  April,  1884,  the  First  I- 
ternattonal  Urnithologieal  Congress  met  in  Vienna  and  gave  a  [ww- 
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rill  iiit|>.  lit:-  ri>  ihf>  !'(irt:lmnuit.t^  ot'  lh«  investigations.  Circulars  were 
ili»tnbutH<i  ill  most  (.imiitries  luut  observations  collected,  as  appears 
itiHu  (lie  idUowiuji  ^orC  :Muuiuary. 

Ki-Kiuilni;^  t\iv  ob.-^rv-.itiou!^  (ruin  Gemiauy  (iuclacling  Austria-Hiui' 
,!inry,  IS'^I-SJ).  ibt?  loltowtn^  uotii-esar«  nikeu  from  the  anuual  reports 
v*liiv.'li  u|>|K-iu-tHl  ill  tlie  -Jvurnui  'Hr  Dmitkotoffie: 


VUv  itift  titiautU  iT|»wrts  ilS7(;-*81)  contain  only  the  special  obneirii- 
lull'*.  111  ai'M>i'iliini.-tt  with  Mr.  E.  F.  von  Homeyers  wish  (-/tmni./. 
hiiith.,  tssu,  \t,  .ton,  :t  <:etier.il  volume  has  sinc«  ISSi  b«'n  sent  in  ad- 
itiit'Oi  »  Ik'ii'Ui,  t>.i  Uriiigiiig  torwanl  some  examples,  a  |4i-tare  has  been 
nt'ii  ol'  tln>  liuK'  or  mtgiatioii  of  the  year  in  qaestitHi.  To  this  gen 
1.U  .1».«  liinioii  of  the  migration  was  added  a  short  review  of  the  me- 
i'i>ii>U>Kii'i)l  iiu-itk^nts  of  the  year  with  refereuce  to  tiieir  inflnence  upou 
lilt  vinii  w  of  lUe  migration. 

I'lio  iikti'i'viitiiiiis  were  at  first  made  for  each  species,  mainly  vith 

i'l(>rtviuH>  111  the  biological  ]>henomena  (arrival,  breeding,  departure. 

iiilt-ii^i);),     The  uew  impetus  of  the  year  18^  broaght  changes  in 

iiin  iivi|iei«t  also.    The  necessity  for  editing  in  a  simpler  manner  the 

"    '  servations  became  apparent.    The  geographic 

itices  was  chosen,  by  which  at   the  same  time 

ire<i.    To  facilitate  inquiries,  the  countries  were 

a)  order,  with  all  their  greater  |>olitical  depeod- 

en  the  intention  of  the  committee  to  construct 
;i'apliical  distribution  of  the  birds  of  GerDiaoy. 
idy  appeared  relating  to  three  specie.^  {Corria 
4)iilefiH» ;  prepared  by  Matschie).  The  conimittM 
h  the  migration  routes  of  certain  birds  iu  tbe 

ing  in  September,  1888  {Jonrn.  f.  Omiih.,  1^, 
I.I  lor  observers  were  somewhat  changed,  and 
mi'ly  mid  briefly  as  iH>8sible.    The  observations 

ivtpwially  ill  the  Kingdom  of  Sasony,  are  edited 
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by  A.  B.  Meyer  and  Helm  ( ZeiUchr.  f.  A,  «ie«  Ornith.).    They  embrace 
the  foUowiug  immber: 


As  atated  above  the  observations  from  AaRtri.t-Uiiiigary  for  the 
years  1880-'S1  were  incorporated  in  the  VArresponding  Gerniau  anuuat 
reports.  Since  the  year  18^2,  under  the  editorship  of  Prof.  K,  von 
Dalla-Torre  and  V.  von  Tschusi  zii  Scbniidhoffen,  independent  reports 
from  the  first  named  countiios  have  appeared  in  Ornis  as  follows: 


Xun.l>*ro|- 

ab«r!.«l. 

1         « 

3M 

flD 

n2S 

3(M 

79 

a4> 

In  the  same  years  appeared  also  reports  on  the  recently  published 
vorke  on  the  avifanna  of  the  monarchy.  A  map  giving  a  view  of  tbe 
geographical  distribution  of  the  ol)servatioii  stations  in  the  Austrian 
territory  for  the  years  18H2-'88  wii9  also  publinhed  (In  Ornis,  vi,  3,  ;t). 
Tlie  aiTangement  of  the  observations  in  the  renorts  thus  agi-ees  pretty 
well  with  the  publications  of  the  German  committee. 

Purthenuore,  annnul  reports  have  been  pnblisbe^l  in  different 
European  countries  on  the  ornithohi^iciil  re.-<ults,  arratigi^l  in  almost 
the  same  manner,  and  accompanied  by  general  statt^ments  on  the 
topography  of  the  region  and  ou  tlie  meteorological  i)ltenoniena  of  the 
year. 

A  catalogue  by  Studer  and  l''atio  of  tbe  birds  observed  in  Switzer. 
land  is  in  preparation,  and  liiaps  showing  tbe  distribution  of  twenty 
(lifl'erent  species  are  ad<led  to  the  lirst  edition. 

Uenmnrk  (bg  I.vlken.  O.   Ifinf/e,  H.   Hinge). 


:ectv  Google 


■>-    m.axnos  of  birds. 

■••^    —  ...r^aml   lw*»i:  '^Ttifr.ii.GrfiDdal.wkemiii 

-^       ■■-    .iniiui  .■•  iHirDi  OH  the  luigrjQoarf  birds 
"1-   ..  -Uf  :'»nu.)t'.f>ntimieddi*rT-»«ts  ita- 

■-■  .TP  .L  -JUnirn*  [.nbIi8lie«H;»ik***iMri-Di( 
'.■I  'iwiii  in>  prftienMi  tbf  iKwuLt  ic  |fl;. 
■  ■   -    ■■      ■■■ 'tirnaiHtaiu-esiif  tlieE-cariiarftfe 

...-■-     ..-mtiiHi  -niriiiii  ( Ornu.  VIL  t..  I.T^. 

in--'     I  ■  .*■  :iii;nari(»u  i»f  birds  ill  BiiluuiL 


i 


...w,.  n-porrs  frimi  B^itcnui 


—  -imWis  "t  i''>BRs:.:.tnu:uiiui  .it'  din   irtinuiHiifK-jil  wnuiit- 
_■.  "'..'viil  tSwwli-li  Ai^-hiHn,'  ir' S-itaii'nrt-  u-hmtmI  l>rSiiiHlsoni> 

T.  .-oiitiiiii  llie  «l^-^^^  i-Tiiiiiti  mmiH    »-     iT   -.r-'-iitoirfefit^  iu 
u-    ;art»(£  nnfut  ;t-A."*T;  "t  I"*^. 

'TiK  ■-,•*  Kuscian  Italfif'  pciivmi*>"*. '"«<i*^-nl'    ..■  iriiu..  E.  V'Hi  Mi'l- 
iMf"  ^sb- ^'"t  tlin-»*aniin:»IreptH-'^.   >  "--"      '*ij. 

j^~i,,(j,,>f  tilt'  pheiwiVsJw*  iii"^—- ii-">-    '■:■■«     n   r:ulaiid  liarc 
,   -.,■  :>i(«l  by  All.  M«V:^   '■'-   .^ ■■'■'-  fiwaiiam- 

.    -*:-^;  Aw\  ill  till-  yi^T*  i--^'^  -     -1   TiitmUr  fi>ni] 

-  ^-n.  ■.■^>•^l>inl^i"  ■*^-'"'^  " •■     '.    .  ^-.iW.    There- 

«».-  -<   ■  hfin^  im-iiiin-i!  '■  -  —■   -   -'tmpreliensire 

^   .;          ..Ss.-r\-T.iioii<  >vH. '  ■                      ■■      ■■■■■'-   m  reply  to » 
.-„       ■>-<*       "  ""         ■"'    "  frw  loral 

•  >■<!.. :irriie- , if  Kan^ 

.-  - 1^ ..   n>ui'[yd  in  priii- 

-  -..•,  ■  •.-w4-vu:twos  are  al 

J .    a»    Hf^n  pr^pam) 

*..-.-  ■ .    in-  jiindR. 

-         -  ~-     '"rrrti    -*^'.:jiin  have. 

-*.     -  ■^  -■■     ^-M-  ■■itiu~jt,-ivr  of  the 

--  :>•  .■•f^ist-'  r-iftMuiil  with 

--     -      -    ■     -r    u^HUvvtuviiciMT  S«-ieric<-. 

.    .    -o*   .    ■•«  3n(i6b  liffliLj-boases and     i 

DD.-:eabyG00glc 


RKPORT   ON   THE   MIGRATION    OF    BIKIiS,  385 

light -sbips.  Yearly  nutii-es  liave  beeiiueiit  in  trotii  1(H)  ur  lo(>  ol'  these 
Mtations  i^inee  tht^  year  1879,  uiiil  it  ciiintiiittee  DiiiUftl  hy  tlie  aHSiHnatioii 
(J.  Cordeaux,  J.  A.  Harvie-Bruwii,  A.  Kewtiin,  R.  M.  ItHiTiiigton.  A.  (i. 
More,W.EagleClarl!e,  and  others)  liHHlookcdafter  the  piibUratiou  of  iu- 
(lividoal  observations  in  DJue  ''Reports  ou  the  Migration"  (i  879-1887), 
as  well  as  in  a  brief  rejMtrt  which  has  been  made  annually  to  tlic  asso- 
ciation. 

Already  in  1882  these  notices  proved  tiie  wonderful  constancy  with 
which  the  binls  of  passage  year  alter  year  follow  the  »inie  lines  or 
great  routes  when  they  approach  or  abandon  the  British  coasts,  and 
this  constancy  points  to  a  definite  taw  governing  the  whole  pheiionie- 
Don,  Two  separate  migrations  may  be  distinguished:  the  great  periodi- 
cal waves  which  sweep  from  the  breeding  places  in  the  far  northeast 
and  return ;  and  farther,  quite  independent  of  these,  a  constant  stream 
of  iinmigrauts,  which  moves  from  the  contineiit  toward  the  south- 
eastern  and  eastern  coitsts  of  England,  across  the  southern  part  of  the 
Sortli  Sea  in  the  dir(?ction  of  east  to  west  or  from  southeast  to  nortli- 
west.  On  the  other  hand,  the  west  coasts,  and  especially  Irebuid,  are 
coniparatively  seldom  visited  liy  these  birds  of  paHsagc. 

N'evertheless,  the  8tr«;am  of  migration  (188fi)  (iocs  not  strikt^  eiiually 
all  points  on  tin-  ciist  cciast  of  Kngland,  but  apiiears  constantly  to 
fullow  fixed  lines.  For  example,  the  Fame  inlaiids  on  the  coast  of 
Northumberland,  as  also  the  mouth  of  the  river  Tec,  ajii>ear  to  be  priu- 
I'ipal  stations  for  the  passage  over  the  North  Sea;  likewi.se  certain 
ports  of  the  coasts  fiirther  to  the  south.  To  the  north  of  Norfolk, 
tlie  migratorj' birds  app«'ar  to  i>enctrale  through  the  Wash  into  the 
iDterior  of  Rugland  toward  8everu,  Bristol  Channel,  and  still  further 
nestwanl. 

It  is  further  iioiutetl  out  that  the  vertical  height  iit  which  the  Higlits 
tale  place  must  be  accurately  noted',  and  that  the  light-ships  apiieiir 
t'ljield  a  better  scries  of  observations  than  the  light- houses.  It  was 
iim>  ascertained  that  only  certain  si>ecics  wei-e  attrai-tetl  by  tlie  light, 
and  those  in  nn  unetjual  manner.  The  special  direetiou  and  force  of 
the  wind  (1887)  api>ears  to  exert  only  a  small  influence  on  the  great 
»atunui  rushes;  but  the  direction  of  the  wind  which  prevaUs  daling 
the  passage  in  general,  seems  to  play  a  more  imjiortiint  part, — the 
tlirection  of  the  journey  and  the  angle  of  the  route  to  the  coast  being' 
ton  great  extent  dependent  uixin  it. 

\  large  part  of  the  binls  of  pas.'uigc^  uie  in  autuuni  driven  far  oat 
•>n  the  Atlantic  Ocean.  Observations  on  the  subject  are  notetl  on  the 
lOiMt&eijueDted  lines  of  commnuication,  and  also  made  over  to  tbe 
wimmittec. 

Tbe  moi-e  the  published  material  u4-cuuulatc4l,  the  mure  desirable  it 
i*en»d  to  utilize  the  whole  mass  in  forming  conclusions.     This  was 
already  referretl  to  in  the  report  for  the  year  1887.     It  was  further  pro- 
"  CoiDparn  al«i  on  )hi»  unliject  .^llinnlii.  i>riii<;  i.  jip.  ""^-'-SM-'.^.^.iJ.j 
H.  Mis,  114 -jr,  ^noi^jyK 
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posed,  ill  the  year  1888,  that  tlu;  cullecting  of  observations  lihould  be 
stopped  temporarily,  ttiat  the  immeDse  mass  of  facts  iu  the  uine  re- 
ports, avranged  in  concise  form,  statistically,  and  in  atricUy  scientific 
uiaiiDor,  might  be  treated  as  briefly  and  clearly  as  possible,  iu  order 
to  attain  practical  scientific  results.  This  proposal  was  accepted  by 
the  British  Association  in  the  year  188S,  and  a  member  of  the  commit- 
tee, Mr.  W.  Eagle  Clarke,  charged  with  the  doty  of  direwtiug  the  torn- 
prehensive  undertaking. 

Tbe  Jtritish  example  exerted  a  deep  iutlueuce  on  the  First  Xutenia- 
tiunal  Oi'iiithological  Congress  in  the  year  1884.  Through  the  effort'^ 
of  the  authorities  of  the  iiermanent  ornithological  committee  of  tlie 
Congress,  the  wish  was  communicated  to  as  many  state  governments  as 
IHiasible  that  the  jiassage  of  the  birds  might  be  observed  at  the  liglit- 
houses.  The  authorities  of  these  institutions  are  also  charged  to  ad- 
vance the  queNtioii  as  much  as  iwssible,  from  the  White  Sea  to  the  Ca*- 
piun.  The  light-house  officers  on  wide  tracts  of  the  coasts  of  SoaCh 
Asia,  certain  parts  of  AMca,  Australia,  and  South  America  are  iu  tbr 
same  manner  called  upon  to  make  observations. 

As  yet,  however,  we  have  but  few  printed  reports  from  the  ligiil- 
house's,  except  from  (ireat  Britnin.  These  few  are  the  ones  above  men- 
lioiicd  fmm  Denmark,  1886-'8!t,  and  two  reports  on  hinl  lifeatthe Ger- 
man ligbt-lioiiKe.-<,  published  b^'  li.  blasius  {Ortii»,  vi,  vii). 

in  North  America  the  invostifratioiis  relatiut;  to  the  migratiuu  rf 
birds  have  assiimcfl  i]»\W  an  independent  form  and  reaehetl  coiirtiden- 
blti  dimensions. 

in  Ihe  year  1882  Prof.  W.  \V.  (^ookc  took  the  initiative  with  a  sys- 
toiiiatie  tibservntiou  of  the  migi-ation  of  birds,  at  first  in  the  Sliite  of 
lowi^  butlaterin  thewIioleMississippi  Valley.  Thirt<-eu  observers  wen' 
lit  work  the  Hrst  your  and  twenty-six  in  the  year  1883.  But  after  tlif 
Anieriemi  Oniithologists' 1'iiion  hiid  been  orgiiuized  in  Septeinl)er of 
the  Inst -II mil e< I  year,  it  iippointt'd  a  committee  for  the  investigation  of 
tlie  gMtpii]iliieal  tlistribntioh  of  tlu*  birtls  of  Korth  Aiiiericn,  ns  also 
another  for  the  investigation  of  the  luigntlion  of  birds.  The  two  were 
however  eonsoliilaUHl  later  on.  By  the  co-operation  of  thb*  w)mmitl(y 
with  I'l-of,  Crtike,  the  investignlions  were  contiunetl  systeniatiejdiy  iin 
der  the  dire«tion  of  Dr.  (\  11,  Meniam.  Tlie  whole  territory  wns "li 
videil  into  tuuiiitii,  latei  sixt^i-n.  distrietji,  each  under  a  saiK-rintoiid 
eut:  and  fortlu-jiar  ISS4  ihoiisnndsof  qne.-'tion-slieet.<(and  instriictioiis 
win*  eomiuunieiit<-«l  to  nieniWrs  of  the  i>ni.-it  different  sm-ial  cnmiw,  ^ 
well  «s  to  all  lij:hl  house's  and  other  imblic  institutions. 

As  it   tti»s  lo  U'  expeelnl  that   the  homogeneous  territory  of  tbt 

Mi^s»i|tpi  Valley,  in  4t>nst.H|Uem-e  of  its  immense  extent  from  iiortb 

^  —nth.  and  the  absence  of  mountain  range  or  great  lakes,  would 

a   partieuhirly  fnvonible   field  tor  the   inve.-stigatioii  of  iiiigni 

he    oK«4'r\:ui.>iis    .xtming  fniiii  there  for  IS-^M  and    18S5  vvK 

»  si^i.i  .-ha.:,-.-  hy  llvi.  tV.ke.        p„  ,,,,,GtX>glc 
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Id  the  meantime,  tbe  observations  collected  had  reached  such  a 
qnantity  that  it  did  not  seem  jndicions  to  expect  the  Unioo  alone  to 
elaborate  the  material.  At  its  instance,  a  Bi>eci»l  Division  of  Eco- 
nomic Ornithology  waa  established  by  tbe  Congress  of  the  United 
States  in  tbe  Department  of  Agriculture,  at  first  under  the  Division 
of  Eotomology,  and  with  an  anbnal  subsidy  of  95,000.  Since  the 
year  1886  it  has  operated  aa  a  separate  Division  of  Economic  Orni- 
thology and  Mammalogy,  with  an  annual  appropriation  of  $10,000. 
Economically  siipj)orted  in  this  manner,  and  under  direction  of  Dr. 
C.  H.  Merrium,  the  ]iro9perity  of  the  institntion  is  assured. 

In  the  year  18S8  the  Division  itisued  a  most  excellent  publication 
DM  the  migration  of  birds:  Rejiort  on  Bird  Migration  in  the  MisfiiH- 
sippi  Valley  in  the  years  1884  and  1885,  by  W.  W.  Cooke.  In  this 
vurk  are  submitted  the  data  wbtcli  170  observers  collected  respecting 
560  species  of  birds.  The  aathor  also  shows  his  method  of  investi- 
gikting  the  relations  of  the  phenomenon  of  migration  to  tbe  prevailing 
meteorological  phenomena,  by  which  method  be  has  extensively 
adliy^  the  synoptically  groupetl  observations  of  the  meteorological 
atetions  existing  in  the  territory 

Tbe  old  experience  that  weather  exerts  an  impoi-tant  inAueuce  on 
migration  was  now  definitely  confirmed.  Prof.  CJooke  proved  that  the 
ittmoMphericceut«rs  of  depression,  moving  fn)ni  west  to  east  in  thesttring, 
according  tothe  lawsof  meteorology,  and  which  ai-e  characterized  by  cor- 
responding phenomena  of  wind  and  teini)enitm-e,  produce  in  every  re- 
coil changing'  relations  of  temperature,  namely,  alternattt  wai'm  and 
n>ld  periods,  which  changes  arc  accompanied  by  definite  migration 
phenomena.  A  "warm  wave"  in  the  atmospliere  of  the  region  in 
question  is  also  a  necessary  condition  for  tbe  beginning  of  a  "bird 
wave,"  "migration  wave,"  whose  f^irtber  progress  is  cliecked  by  tbe 
(H-currenee  of  a  cold  period  until  ii  new  warm  wave  again  jtushes  it 
fiirward  and  gives  rise  to  otliers. 

Prof.  Cooke  sptrifles  the  time  of  tlicse  waves  for  the  period  chosen 
(lsf4)  and  for  the  torrit«)ry  in  question.  He  ex[>re8sly  states  that  his 
itivestigatitm,  on  ac<^onnt  of  certain  circumstances,  is  not  a  complete 
ooe.  and  that  such  a  series  of  observations  must  ht',  well  prepared,  and 
carried  ont  besides  nH<lor  favorable  contlitions.  ''  I'nder  kucIi  adverse 
couditions  no  attempt  would  liave  been  made  to  study  the  bird  waves 
were  it  not  for  the  extn^ine  importance  of  the  subject.  IT  is  during  the 
nights  of  bird  waves  that  the  bulk  of  migration  takes  place.  To  study 
migration  successfully  it  must  be  studied  when  most  active.  Mon-- 
I'ver.  it  is  on  bird  waves  that  the  action  of  ttie  weather  is  most  appar- 
ent; hence  these  waves  furnish  the  readiest  means  of  studying  the  re- 
lation between  meteorology  and  migration.  The  grejiticst  drawback  is 
met  with  in  the  (lifHculty  of  ncenrattly  observing  and  reporting  bird 
waves.  It  is  by  far  the  liardest  i>art  of  the  field  work  in  the  stnily  of 
iiiigr.ition.  and  rciiniiew  ihoh'  time  and  more  constant  presence  in  th 
field  tiiaii  most  observers  can  give." 
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It  la  farther  ^minted  oat  by  Prof.  Oooke  that  the  expression  "  bird 
■wave  "  may  be  takea  in  a  double  sense,  and  consequently  aDswera  to 
two  methods  of  investigatiou.  First,  a  bird  wave  comprises  a  very 
large  number  of  individuals  of  one  or  of  several  species,  which  extend 
at  oue  time  over  a  certain  territory.  In  studying  saeh  a  wave  it  is 
necessary  to  determine  the  species  ef  which  the  moving  mass  is  com- 
posed and  the  bouuds  of  the  territory  over  which  the  wave  extends. 
Second,  certain  species  of  birds  which  are  proved  to  move  in  company 
on  the  same  day  may  also  be  regarded  as  a  wave,  whose  progress  bom 
day  to  day  and  from  week  to  week  mast  be  accurately  observed. 

By  a  critical  study  of  these  points  of  view  and  by  a  couscientioas 
use  of  the  meteorological  and  ornithological  observations  which  em- 
brace a  precise  time  and  a  precise  region,  the  rapidity  of  the  migra- 
tion, on  which  so  much  has  heretofore  been  written,  can  be  calculated. 
Only  by  attentive  observation  and  multifarious  labor  can  the  migration 
be  followed  until  the  moving  flocks  hiive  reached  theii'  restiug  places. 

It  is  evident  that  Prof.  Cooke's  investigation  of  migration  over  a  long 
continuous  route,  apart  from  all  unavoidable  shortcomiugs,  most  be 
particularly  adapted  to  elucidate  migration  with  respect  to  its  course 
and  its  outward  conditions;  and  that  it  is  very  desirable  that  similar 
investigations  may  henceforth  be  undertaken  iu  suitable  regions. 

This  course  is  oi>posed  however  by  the  difficulty  of  findiug  n  suffi- 
cient number  of  capable  observers.  Frof.  Cooke  has  been  able  to  rely 
in  essential  degree  upon  one  conscieutious  and  exiieit  observer,  Mr. 
O.  Widmanu,  of  St.  Iiouls,  whose  methodically  arranged  notices  he 
submits  ill  his  work.  In  this  connection  the  writer  will  only  quote  the 
wonls  of  a  competent  judge: 

"A  dozen  observers  like  Mr,  Widmann,  scattered  st  proper  intervals, 
would  give  a  fairer  basis  for  generalizations  than  hundretls  of  observers 
of  the  grade  on  whom  Prof.  <Jooke  was  obliged  to  depend  for  many 
of  his  data.  This  should  stimnlate  the  more  experienced  and  well 
qualified  field  ornithologists  to  contribute  to  the  fullest  degree  possible 
to  the  furtherance  of  this  iuiportaut  investigation. — .1.  A.  Alleu,  Tke 
Avlc,  1889,  VI,  p.  fil." 

The  continued  meteorological  phenomena  weit^  rendered  in  the  usual 
manner  by  synoptit-al  ma|>B,  which  alont^  made  a  view  i>ossible,  and  es- 
sentially fivcilittitcd  the  «tudy  of  the  infl^euc<^  of  weather  on  the  migra- 
tion of  birdi^.  It  niiiy  not  therefore  be  injudicious  to  here  refer  to  an 
attempt  to  represent  graphically  the  migration  of  birds  and  tlie  c«m- 
positiou  of  the  nvi-fanna,  changing  with  the  season,  a»  Mr.  ^y.  Stone 
lias  proiwsed  {Avk,  vi,  -p.  139). 

Besides  this  material  of  observations,  inatle  chielly  withiivieuto 
explaining  the  problem  of  bird  migration,  numerous  faunal  works 
have  appeared — minor  local  catalogues,  and  comprehensive  works  on 
the  birdx  of  larger  definite  geographical  areas,  prepared  with  coo- 
M>iautiAn!»i(.ss  aud  intimat4^  knowledge.  No  one  i>erhaps  can  value 
uiil  works  m'>n>  highly  than  the  writer,  with  regard  to  their 
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importance  for  tlie  determiiiatioii  uf  the  uiigrutHiii  routes.  Exturoiil 
ctreaiD8taDcv«  forbid  hr  to  notice  all  these  works  here,  although  they 
may  be  worth  it,  like  those  of  Radde,  Pleske,  Olpb-Galliard,  Oustalet, 
Dresaer,  and  others,  and  notwithstanding  they  tMintnin  many  single  re- 
snlts,  mauy  valuable  thoughts  on  bird  migration. 

On  the  other  hand,  it  seems  proper  to  here  call  attention  to  some 
special  investigatious  on  bird  migration  in  certain  regiouR,  fonndet]  on 
anfkanal  material. 

Some  places  have  long  been  known  in  the  western  portion  of  onr 
i-oiitinent  where  migrating  birds  collect  in  crowds  because  obstacles 
situated  on  the  side.  like  sens,  allow  a  passage  here  only;  or,  like 
monnttun  regions,  only  here  leave  the  door  open.  Such  highways  have 
been  examined  farther  eastward  in  regions  which  are  important  for  the 
migration  between  great  districts. 

From  his  comprehensive  observations  in  the  years  lS57-'79  in  the 
AralThian-Shan  region,  >'.  Severtzow  has  given  ns  {Bull,  den  Kat.  Mo»- 
(w,  1880,)  a  very  brief  view  of  the  highways  where  the  greatest 
nuiubers  of  birds  of  passage  wugregate.  lie  designates  eartograph- 
ivalty  three  groups  of  snch  routes:  A,  throngli  the  Kirgheez  steppes, 
from  the  river  I'ral  to  tlie  Sir,  chai-aeteri/.ed  by  the  enormous  number 
of  merely  passing  birds;  It,  along  the  western  border  of  the  Thian- 
Shan  mountuius,  distinguished  by  a  tolerably  large  migration,  and  by 
the  circumstance  that  the  native  summer  birds  give  way  t{>  winter 
^t»i»;  and  C,  through  the  interior  portions  of  the  range  mentioned, 
Idovd  chiefly  by  the  annual  change  of  species  Just  alludecl  to.  The 
wintering  on  the  routes  B  and  C  is  owing  to  the  warm  si>ring8  existing 
there. 

i^vertzow  mentions  further  the  connection  of  the  routes  named 
with  the  known  migration  routes  along  the  Irtish  and  the  Ob  on  the 
(ine  Hide;  on  the  other  with  their  presumptive  continuations  in  Persia, 
Afghanistan,  Punjab,  and  in  tlie  region  of  the  Indus.  He  designates 
llif  Altai  as  a  region  whence  the  migration  routes  diverge :  in  the 
•^inthwest  toward  Knssian  Turkestan;  in  the  south  towards  the  des- 
ert; and  in  the  southeast  towards  China.  The  movement  of  the  birds 
of  passage  in  a  vertical  dirertion  from  the  highland  of  Thian-Shan 
and  Pameer  towards  the  low  groands  is  also  suggested  by  him. 

Referring  to  the  details  to  be  speeifled  later,  Severtzow  here  com- 
monicates  some  general  points  of  view  (pp.  282-284).  The  course  of 
tlie  steppe  routes  dependn  on  the  existence  and  situation  of  the  waters 
in  them.  On  the  other  baud,  the  general  extent  of  the  lofty  Thiau- 
Slian  range  compels  the  flocks  moving  at  a  short  tlistance  from  it  to 
follow  a  general  direction  i^om  east  noi'theast  to  west  southwest; 
tberefore,  great  masses  of  birds  of  passage  are  pressed  together  on 
tliev«8tem  border  of  the  range  (Tschemkcnd-Tashkend),  while  these 
i>WBea  can  s]>read  out  again  to  the  nortbwar<),  as  also  to  the  south- 
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'*TLis  divergviicr  tuwui-tl  tlie  iiortli  (more  or  less  (-uiisidi.>rjl>l«)  df 
peuds  esBeiitially  upon  the  fact  that  each  species  has  its  partiealar 
roates,  the  direction  of  which  is  modified  according  to  tiie  natare  of 
the  localities  which  sait  this  species,  and  wliich  it  seeks  also  daring  iLi 
migrations,  at  least  tor  stopping  places;  and  for  this  reason  the  migra- 
tion routes  even  of  a  siuglc  species,  starting  from  different  p»rt«  of 
the  region  which  it  inhabits  in  summer,  are  not  parallel,  hut  for  man}' 
species  convergent  towards  the  south,  for  many  others  divergcDl. 
This  applies  much  more  forcibly  to  the  routes  of  a  number  of  species 
which,  in  the  season  of  migration,  concentrate  in  some  locality  par- 
ticularly abundant  in  birds  of  passage." 

The  author  therefore  categorically  niaintains  that  the  individnal 
species,  according  to  their  peculiarities,  are  dependent  on  the  typo- 
graphical relations  of  the  territory  through  wliich  they  migrate,  and 
that  the  routes  of  each  species  accordingly  assume  a  particular 
geograjthical  form. 

In  the  same  spirit  Prof.  Menzhier  also  reports  (1886,  Ball.  8or. 
Nat.  Moscow)  on  the  results  of  his  investigations  on  the  migration 
ruut«K  of  the  birds  iu  European  Russia.  He  unconditionally  joio^ 
tliose  inquirers  who  maintain  that  each  si>ecies  moves  along  pecnliar. 
strongly  marked  routes,  because  during  the  migration  they  are  de- 
pendent n|>un  the  conditicui  of  the  country  through  which  they  happen 
to  be  passing.  He  agrees  in  dividing  the  routes  according  to  their 
topographioil  character  into  categories,  which,  however,  are  conipli 
cateil  by  transitions. 

He  also  lays  stress  op<m  the  fwt  (pp.  ;t33,  ;J51)  that  the  relatious  "f 
the  ground  and  the  conditions  of  procuring  food  do  not  always  suffice 
to  explain  the  situation  of  these  nnites;  but  that  the  routes  mark 
fairly  well  the  ways  along  which  a  8i>ecies  has  once  uiigrat«'d,  and 
that  abont  the  same  ways  are  still  utilized  as  a  result  of  inherited 
tendency.    {Compare  on  thif  subject  the  \rriter'8  Zugsir.,  caji.  J. « 

•8  (p.  .154)  to  the  importance  of  the  spring 
Zaggtr,.  ix,  p.  238  xt  aeq.),  which  under 
f  remain  in  a  region  where  they  have  nr 
ig  there,  may  change  the  bird  fauna  in » 
lily  the  author  discusses  the  order  "f  | 
and  H|ipears  to  favor  the  belief  that  they  ■ 
ms  (Voriiberzug).  In  conclusion,  he  de- 
in  the  course  of  time,  in  consequence  "f 
K>graphy,  may  pass  fWuu  the  compass  "^ 
sr.  [ 

ee  with  those  of  the  writer,  Prof.  Menibier  l 
oy  statements  and  conclusions,  which  ^n 
The  conclusions  reached  in  the  yftii' 
ition  routes  were  founded  on  facts  whifli 
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<*rt»iiily  ttuffioe  iu  a  meiwan)  lor  tin;  weslcni  aud  central  iiortiuuii  of 
Europe,  but  not  for  Eiiropeon  and  Asiatic  Bussia.  The  more  abiiodant 
material  of  ob8er\'atioiis  now  a^'ailable  fh>iu  tbe  latter  continental  dis- 
tricts shows  that  the  conclusions  bailed  mainly  on  the  om-hydrographic 
(■onditioDti  in  the  West  do  not  fnlly  answer  for  the  more  eastern  pai-ts 
of  the  palsearctic  region,  where  the  ground  takes  another  form.  Many 
species  of  birds  (for  example,  Hfcmatopnn,  Slrepgilax,  Totanvn  calidrig, 
lAmosa  rufa,  PhaUttrrocorax  caibo),  wliicli  in  westtm  Europe  migrate 
uloug  the  seashore,  breed  and  migiatc  also  in  the  interior  of  continental 
Russia,  along  rivers,  salt  lakes,  and  on  the  steppes.  HnreUla  glacialis 
luoTes  regularly  along  tbe  Kama  and  tbe  Volga,  as  well  as  behind  the 
Tral,  along  tbe  lakes — is  even  said  to  nest  here — and  winters  on  the 
Cespian  Sea.  These  birds  belong,  therefore,  in  the  East,  to  the  group 
tHbma  rino  Jtavio-  lac  ufttren . 

Accoidiugly,  Prof.  Meuzbier  distributes  the  birds  of  passage  in  some- 
what different  manner.  He  thinks  that  glarial  littoral  routes  do  not 
exist,*  and  groups  tbe  accepted  routes  also  in  another  manner  in  the 
•liflferent  categories.  The  following  table  shows  the  i'eBt>ective  arrange- 
ments of  tbe  last-named  writers: 


PoimA,  1S74- 

?f,. 

.tfr«;fifr 

K.  rim  (aew)  vilgr.  i,,/,: 

l.pelcsiea: 

U.  JHora'ex. 

1.   IV(nrCT)  iHiriix 

a.  gUtrittleM-ln. 

h.  ptlagi,:.,:Iil. 

.,.  p.t<tgim-Ut. 

c.  nnnxo-ni. 

h.  marixiv-lit. 

liloralr: 

1  0.  iKhmarilKF-l 

g.  -ubmarintr-tif. 

id.  tabm.-Jliirin- 

f.  JlHriaUle».lil. 

^  e.  fiueio-lneuili 
1  f.  fiario-lil.,,;,l 

III.  PaU>iro: 

•1,  pnl«,t,->-<: 

B.  Rn-  (arm)  migr.  tnrair 

IV.  VwioiwgTonpsno 

rliBtinRuishe-l 

After  Prof.  Menzbier  has  in  this  way  considered  and  grouped  hia  mi- 
gration rootes  from  the  standpoint  of  their  pe<niliar  topographii-al  char- 
acter, he  dicnsses  them  with  regard  to  their  geographical  ])osition. 
Tie  author  designates  on  two  maps  the  routes  of  European  Bussia 
found  by  him,  basing  his  work  on  bis  considerably  greater  material 
from  that  country — greater  because  new  observations  were  at  his  dis- 
posal, and  above  all  because  he  has  brought  mon^  southern  species 
also  within  tbe  scope  of  his  investigation. 

The  question  therefore  is  less  about  routes  of  individnal  si>ecies,  for 
the  author  himself  says  (p.  .120)  he  has  paid  little  attention  to  such; 

*HU  report  of  my  (iiviBion  of  the  i-ntegori  "  riir  ptiagica"  (p.  fi)  is  not  rom-ct. 

D.D.t.zea  by  Google 
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tliitit  ikbuiit  iijiiUiiti  of  cummniiit'utiou  (liigliwuyu),  wtiicli  lea4i  (.-vrtaiii 
grou|>K  uf  luignitory  lurda  from  their  habitats  in  Buro[>eau  BansinUi 
their  winter  stations.  This  tttn-a^ly  apiR'ars  from  the  names  of  the 
roHtt'S:  Viii  iwnreyica,  V'm  baltica,  Via  pontiea,  Via  ca»pu-a.  Thenf 
hII  follow,  Ht  least  partially,  greater  bodies  of  water,  but  receive  their 
Mupplies  also  tVoin  the  interior  of  the  couDtiy.  All  the  ways  od  the  first 
map  forresiMind  more  or  less  diiwtly  to  the  routes  whii^h  are  settled 
mion  ill  the  \vritt'r'«  work. 

Oil  the  othtT  hand.  Prof.  Meuzbier's  represeutatiuii  (tontviiim  entirel; 
now  KsstTtioiis  about  the  continental  nuites  (map  :i).  According  to 
IIh'  writt'i-'s  nit'thotl — but  without  giving  fully  the  material  of  observe 
(iou,  which  in  now  indispttiii^ably  necessaiy — lie  has  stndted  the  faabi 
t«t«  of  i;i  oast«ro  8i>ecies  of  bii-ds  with  reference  to  their  geograpli- 
icaldiMtributiou,  and  Duds  this  explicable  only  by  the  assumptionof 
I'Wtatn  niit^ratiou  routet^.  which  he  desi^ates  upon  the  map  without 
flaimiutito  have  thereby  exhausted  the  question  (p.  34!}).  Iutliet«xt, 
lu>  c^iiiipletes  their  i-Miitiiiiiation  towards  th«;  esist.  The  I'oiites  arc  pm- 
vidwl  with  names  iu  the  same  seuse  as  those  before  mentioned:  (1) 
I'lVi  Hibiririi  Itegiiisin  the  northern  half  of  Kuropean  Russia  and  jtasses 
In  an  wtsterly  dire^-tion  through  the  Siberian  plains,  on  one  side  to  tW 
sountw  of  the  Ob  iind  Irtish,  on  the  other  side  to  Lake  Baikal,  idoDi: 
thiMiorthcrn  slope  of  the  Kkta- Altai,  out  of  Danria  in  a  straight  dim'' 
tlon  towards  Urga.  and  thnmgh  Gobi  to  the  Alu-Shan.  A  branch  (p)es 
besides  to  the  Kuku-nor.  Individuals  for  example  of  Emhcrizn  aureola 
tbHU  Hnn>iM'an  Russia  might  winter  in  southern  Cliina,  and  those  from 
mnithi'Asleni  Siberia  might  pass  through  sontfaern  China  to  winter  in 
Kiist  Indin.  (2)  Via  turkestaaica  also  leads  from  the  northern  half  of 
Hur«i)ean  Russia  and  from  western  Siberia,  but  t4)wai-ds  the  southeast, 
lietwecii  the  Caspian  Sea  and  the  Thian-Shau  (therefore  iu  part  Sev- 
ertxow's  highways),  to  the  winter  qaai-ters  in  northwestern  andcentrjl 
Indliv.  (3)  V'i«  trnagca^pia,  (i>artly  coinciding  with  1'.  raspia),  leads  lo 
winter  i|uart«rs  on  the  southern  side  of  the  Caspian  Sea  and  the  stepi>«s 
lying  to  the  east  of  it,  as  well  as  probably  to  the  upper  Oxus  and 
(he  sources  of  the  Indus.  In  eastern  Asia  this  way  might  in  part  m- 
Inclde  with  the  Via  gihirici.  (4)  Viaanatolica  leads  out  of  the  Kirgli'fi! 
and  t  'aluiuck  steppes  to  the  Bla^-k  Se;i,  through  the  Bosphonts  to  Asia 
,  Palestine,  and  northern  Arabia. 

ir  of  course,  Prof,  Menzbier  has  founded  tiiese  assertionfl 
ial  which  was  at  his  disposal.  The  facts  themselves  vere, 
before  stated,  not  laid  before  the  reader  in  detail,  bntiii 
cts,  a<'ConlingIy  all  his  conclusions  relating  to  the  iK»i- 
ramifications  of  these  routes  are  withdr.iwii  from  till  w"- 
a  any  improvement  iu  consequence  of  newly  discovered 
therefore  quite  impossible  for  the  writer  to  judge  scie"- 
i  routes  of  Prof.  Menzbier.  Only  personal  opinions,  fdrnie^ 
"iniilogies,  can  be  entertained  on  this  subject;  and  the 
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writer  wilt  by  no  lumtUB  puss  oH'  his  (il)jt;ctioiis  uti  criticully  weiKltetl 
rerntatioBD. 

These  continental  ways  appeikr  to  iiit-  in  a  ^reut  part  very  doubtful. 
The  routes  from  west  to  east  especially  are  of  an  enormoua  length, 
like  that  from  the  Dniua  to  South  Ohiua,  lead  entirely  tlirouffh  the 
interior  of  a  continent,  without  the  guidance  of  a  homogeneous  well 
eharoctfirized  conformation  of  soil,  mid  touch  alternately  great  Ibrest, 
desert,  and  mountain  regions.  It.  Ik  difficult  to  conceive  how  birds  of 
passage  conld  find  their  way  on  this  route.  It  seemtt  much  more  prob- 
uble  that  we  know  too  little  just  now  about  the  occurrence  of  the  species 
.  eumiued,  some  of  which  are  difficult  to  distiognish,  and  that  their 
irtnt«r  stations  are  eventually  to  be  sought  much  nearer,  at  the  most 
in  the  regions  whither  Severtzow'i*  routes  lead.  In  the  nieantiuic,  I 
will  not  venture  upon  a  scieutiftc  Judgment  in  this  resjiect  until  the 
aothor  snbmits  the  facts  on  which  his  opinions  ai-e  based. 

After  this  short  statement  of  the  development  of  tbe  question  of  the 
migration  of  birds,  the  writer  takes  the  liberty  to  cast  a  retrosjiective 
riew  npon  it.  In  the  study  of  the  migration  of  birds,  two  kinds  of 
material  for  investigation  present  themselves — tie  avi-phenological  and 
tbe  avi-faunal  observationa  Since  the  tirst- named  were  collected  for 
this  very  purpose,  it  was  at  first  thought  thai  the  investigation  should 
be  commenced  on  this  side.  The  avi-phenological  material  explains 
the  times  of  migration,  and  from  these  results  an  attempt  was  made  to 
inf<»  the  directions  of  the  migration.     Nevertheless  these  results  ap- 

I  peered  too  inexact  to  serve  as  a  starting  point  for  further  investtga- 
tious.  Ad  attempt  was  therefore  made  to  take  the  optwsite  4ronrKc, 
'  first  to  fix:  the  migration  routes  from  the  avi-faunal  material,  and  after- 
ward to  employ  the  method  just  mentioned  with  regard  to  the  times  of 
{  migratiou. 

An  attempt  to  fix  geographically  the  routes  of  some  species  of  birds 
proved  that  tbe  question  could  be  advanced  in  this  way.  The  iiee<l 
for  more  abundant  material  now  made  itself  felt,  and  new  observations 
wen  zealously  collected  year  after  year  in  different  countries. 

It  most  be  conceded  that  at  present  very  considerable  energy  is 
devoted  to  the  investigation  of  the  distribution  of  birds  and  of  tbe 
itecrets  of  their  migration.  The  annual  re|>orts,  which  4;ontain  obser- 
vations from  numerous  stations,  are  multiplying.  This  gratifying 
increase  in  the  material  of  facts  which  are  to  extend  and  deejien  our 
knowledge  of  migration,  is  characteristic  of  the  ornithological  in<|uiry 
of  the  past  years.  It  is  to  be  desired  that  these  efl'orts  may  trontinue 
and  may  be  further  completed,  and  that  in  conseijuence  the  quantity 
of  material  shall  go  on  increasing.  Nevertheless  the  condition  of  af- 
fairs may  also  examined  and  judged  from  another  side. 

In  such  iDTestigations  tbe  qnantity  of  observations  will  certainly 
not  alone  decide  the  question.  The  material  is  also  to  be  treated 
BcientificaUy.    The  inner  connection  of  the  facts  and  their  UtDesM  ' 
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Ibi'iii  a  t>ii«is  tbi-  <:<iucliiKion8  mast  be  tested,  iu  order  that  wo  may  jmtge 
wliether  the  metboil  adopto<l  is  adequate  or  whether  it  can  be  tM)ni- 
pietcd  ID  auy  way; 

It  aeetiiii  high  time  to  coDflider  the  matter  fi'oin  this  poiot  of  \1eff 
also,  if  the  scientitii-  character  of  the  mvesttgatioD,  and  with  it  ita  par 
pose  also,  is  not  to  \te  laid  at  Ktake. 

That  thiu  eonceptiou  is  shared  by  others  we  know  from  the  foct  that 
the  reaiilt  of  tiiae  years  of  British  observations  is  now  snbjected  to 
scieutific  treatment  whose  results  will  surely  advance  our  qneatiDn; 
further,  from  the  fact  that  in  North  America,  in  a  region  where  the 
f;ouditions  of  the  ground  offer  only  small  difficulties  to  the  judgment  of 
the  direction  uf  migration,  an  investigation  of  the  time  of  migratioD 
and  of  the  relation  of  the  migration  to  the  meteorological  conditionK 
has  been  undertaken,  which  has  disclosed  new  points  of  view.  Tbr 
systematic  observation  of  bird  migration  along  certain  lines,  started  m 
Hungary  in  the  year  IS'M,  and  a  statement  of  which  is  expected  on 
oct^'.asion  of  the  Second  International  Ornithological  Congress  in  Biida- 
Pesth,  also  affords  protyf  that  we  are  not  now  satisfied  with  mere  obser- 
vations alone,  but  want  these  used  scientifically,  and  that  hereby  nev 
demands  will  surely  be  made  of  the  observation  in  future. 

Keoause  therefore  at  prasent  the  existence  of  geographically  fixed 
routes  for  the  individual  species  is  becoming  more  and  more  acknovl- 
cdged,  and  these  are  to  bt-  deteniuued  from  the  niatenal  at  band,  it 
seems  timely  to  discuss  the  qaestion  according  to  the  method  to  be 
employed. 

Two  different  methods  seem  to  present  themselves,  both  of  whioh 
have  their  advantages  and  disadvantages  :  (1)  The  migration  routes 
of  all  the  species  of  a  certain  district  are  examined  by  the  investi- 
gators of  that  district  and  reproduced  cartographically :  (2)  One  species 
for  itself  is  examined  monographically  in  the  largest  possible  geographi- 
cal area  and  reproduced  cartographically. 

The  first  method  offers  many  advantages.  The  workers  concerned 
are  masters  of  the  language  of  the  district,  and  the  entire  local  litera- 
tnre  iu  accessible  to  them,  even  to  the  most  insignificant  writings- 
They  can  Judge  of  the  reliability  of  the  observers  at  each  station,  exer- 
cise a  final  control,  and  complete  certain  jmints  by  correspondence. 
At  all  events  the  native  inquirers  will  thus  be  able  to  more  completely 
group  all  the  facts  from  a  given  country,  as  well  as  to  watch  over  them 
critically.  In  the  second  case  the  monographer  can  study  more  closely  the 
species  treated  by  him,  then  special  variatioiLs,  their  nature,  as  well  as 
also  the  specific  peculiarities  of  their  flight.  He  wilt  perceive  more  read- 
ily the  difference  in  the  flight  during  the  successive  sections  of  the 
route,  or  on  different  routes;  in  short,  the  route  as  a  whole  can  be 
Judged  in  a  more  exhaustive  manner. 

In  the  first  method  the  following  disadvantage  becomes  apparent: 
that  in  every  country,  unless  it  is  a  very  large  country,  we  get  odI.v 
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tiagmeuts  uf  migration  routes,  which  pcrliape  van  not  hv  biitii^rht  into 
coDtinaitj'  with  those  of  the  neighboring  regioii><.  On  the  other  hand, 
difficulties  will  arise  iu  the  second  case  regardiug  the  use  of  the  literary 
Koorcea  of  infonnatioD.  It  wonUl  seem  therefore  the  most  practical,  if 
hy  a  combinatiou  of  the  two  methods  the  advaotage  of  each  could  be 
kept  iu  view, 

Iu  a  practical  view,  it  would  be  advantageous  if  in  every  couutry 
aO  accessible  data  on  the  occurence  of  all  the  species  met  with  iu  the 
region  should  be  brought  together  into  a  national  avifauna,  in  which 
details  also  conld  be  accurately  specitted  in  concise  form.  Although 
the  writer  by  no  means  under-rates  the  inii>ortanc«  of  such  a  work  to 
the  population  of  the  couutry  itself,  yet  attention  must  be  called  to  the 
gener^  advantage  which  science  might  derive  from  the  translation  of 
sBch  a  work  into  other  modem  langaages.  As  a  model  work  of  this 
kind,  I  take  the  liberty  to  name  Pleske's  Oriiithograpliiif  Rossiett. 

It  would  also  be  very  much  to  tli(^  purpose  if  at  the  same  tim«  the 
habitat  of  the  individual  species  4'oiild  be  indicated  cartographically. 
as  has  already  been  done  in  Germany  and  Switzerland.  By  sncli  work 
tlie  investigation  of  migration  routes  would  be  greatly  facilitated.  The 
morecomplete  the  material  athand,  the  more  suitable  appears  themethod 
of  detenniniDg  the  route  of  each  species  for  iti^elf.  At  least  tlie  writer 
vould  nnconditionally  give  the  preference  U>  this  metbotl. 

Finally  we  come  to  the  question  of  the  distribution  of  the  work.  The 
writer  takes  the  liberty  to  urge  one*-  more  tliat  ii  choice  Ih-  niatle  of 
species  to  l>e  investigated,  because  at  present  we  are  still  at  the  thresh- 
old of  the  investigation,  and  it  seems  a<lv»ntageous  to  first  take  up 
the  less  difficult  species.  Among  all  the  eategorietiof  birds  of  passage, 
the  littoral  without  doubt  move  along  the  routes  easiest  Ui  be  deter- 
mined. Among  the  continental,  on  the  other  hand,  those  which  avoid 
high  mountains,  like  the  swallows  and  thetr  <-ongeners.  might  be  easier 
to  stndy. 

One  more  division  of  work  up|>ein's  to  me  a«tvisable.  8tnce  every  in- 
qnirer  is  specially  interested  in  the  »i)eciea  of  his  own  country,  it  might 
be  snitable  for  the  northernei's  t^i  investigate  their  species  with  regard 
toall  their  migration  routes,  the  .southerneis  in  like  manner  theirs;  (Ur- 
tber,  that  the  eastern  species  of  the  pala-ar<'tic  region  should  be  taken 
op  by  those  who  are  masters  of  the  literature  relating  to  them.  That 
the  chief  interest  of  the  Americans  is  directwl  towards  their  own 
species,  they  have  already  proved  by  the  fait. 

In  ascertaining  the  migration  routes  of  a  species,  it  would  be  indis- 
pensably necessary  to  record  all  facts  which  contributed  to  the  result; 
then  only  can  the  conclusion  drawn  fr«»m  such  premises,  the  migrntion 
mate,  claim  real  validity.  The  cartographic  representation  of  the  ma- 
teriwl,  when  at  all  possible,  is  highly  to  be  recommended. 
,  A  model  procedure  for  the  investigation  of  the  individual  s 
can  not  be  prescribed,   it  is  rather  to  be  exitecte<l  that  each  inquirt 
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h;arii  suiuetliiug  iroui  the  pntctical  metliodci  of  tUe  uthertt.     Tli»  luanner 
iif  representatiuD  will  tben  develop  of  its  owu  accord. 

lu  concluBion,  It  is  hardly  necessary  to  call  attentioa  U*  the  fact  that 
a  very  inviting  field  of  inquiry,  in  the  same  direction  a»  tbat  ent«red 
upon  by  Prof.  Cooke  in  America,  is  o|)en  to  thone  omitliologists  who 
are  «ofticiently  versed  in  practical  meteorology.  It  is  however  to  be 
foreseen  that  the  phenomenon  will  be  much  more  i-omplicated  iu  Eu- 
rope, and  tliat  for  this  reason  the  investigatioD  is  to  be  commenced  with 
those  species  whose  rentes  have  already  been  fixed  geographically  with 
some  degree  of  certainty. 
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,  tyrant  tbought,  it  is  the  conception  tbat 
le  solved  by  man.  Wben  once  this  idea 
aseases  it  exclusively.  It  is  then  a  haunt- 
Cmare,  impossible  to  cast  off. 
ityiiig  contempt  irith  irbich  sucb  a  line  of 
may  somewbat  conceive  tbe  unbappy  lot 
jse  soul  is  thus  possessed, 
either  through  pride  or  through  timidity, 
from  human  intercourse,  and  have  found 
smpting  to  cany  on  their  experiments  in 
themselves  so  cavalierly  classed  as  dream- 
were  compelled,  under  pains  of  complete 
lers  this  so-considered  fiaw  in  their  intellect, 
iwledged  that  this  persecution  has  much 
;  decade.  We  are  no  longer  classed  with 
ire  of  the  circle,  or  for  perpetual  motiou. 
since  Charles,  JanHseu,  Quatrefages,  aud 
ntliorities,  have  been  bold  enough  to  aflBrm 
iroblem  can  be  solved.  We  uo  longer  risk 
general  public  still  considers  us  as  mentally 

,  moved  by  the  iiseeitions  of  some  scientists, 
There  were  two  roads  to  possible  success, 
looth,  and  bordered  with  tlowcrs,  but  after 
ras  that  of  aerostation,  of  haJloous  lighter 
waj'  was  contrary  wise,  a  rough,  narrow  < 
difficulties,  but  still  leading  to  something; 
rapid  transit  by  machines  heavier  than  the 
Hitors  bave  taken  the  easy  road,  and  trom 
I,  pityingly  1oo)f  down  ujvon  the  unfortunate 
II  II  work  uutitluil"L'EiiipiriMli-l' Air;  Einaid'Om' 
Octavo-  pp.  2M.     Pifrip,  I881CtO()i^Ic 
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By  L.  P.  MOUILLABD. 


I  niTBODUOTIOM. 

If  there  be  a  domineering,  tyrant  thonght,  it  is  the  conception  that 
the  problem  of  fligfat  may  be  solved  by  man.  When  once  this  idea 
has  invaded  the  brain,  it  poBsesHes  it  exclusively.  It  is  then  a  haaiit- 
inp  thonght,  a  walking  nightmare,  impossible  to  cast  off. 

>      If  now  we  consider  the  pitjing  contempt  with  which  such  a  line  of 

'  research  is  appreciated,  we  may  somewhat  conceive  the  anhappy  lot 
of  the  poor  investigator  whose  sonl  is  thus  possessed. 

Many  of  thene  searchers,  either  through  pride  or  through  timidity, 
bave  withdrawn  themselves  firom  human  iuterconrse,  and  have  found 
then)!>elves  paralyzed  by  attempting  to  carry  on  their  experiments  in 
e«cret.  They  quickly  found  themselves  so  cavalierly  classed  as  dream- 
fTs  or  as  lunatics  that  they  were  (wmpelled,  under  pains  of  complete 
diwredit,  to  conceal  from  others  this  so-considered  flaw  in  their  intellect. 

:  It  must  however  be  ucknowledged  that  this  persecution  has  much 
diminished  during  the  past  decade.  We  are  no  longer  classed  with 
the  seekerx  for  the  qua«lrature  of  tlie  circle,  or  for  perpetual  motion. 
There  has  been  progress  since  Charles,  Janssen,  Quatrefages,  anit 
other  recognised  scientifle  anthorities,  have  been  bold  enough  to  affirm 
that  they  believed  that  the  problem  can  be  solvwl.     We  no  longer  risk 

,  the  lunatic  asylum,  but  the  general  public  still  considers  us  as  mentally 
nnaonnd. 

The  public  understanding,  m<ive«i  by  the  iissertions  of  some  scientists, 
liiin  made  swme  progress,  Thei-e  were  two  roads  to  possible  success, 
Ihe  one  broad,  beautiful,  smooth,  and  boi'dercd  with  flowcis,  bat  after 
nil  leading  to  no  result;  it  was  that  of  ai'rostiition,  of  lialloons  lighter 
than  the  air.  The  other  way  wan  contrarywis*',  a  i-ough,  narrow, 
nigged  ]>atli,  bristling  with  diffic-ultres,  but  still  leading  to  something; 
it  was  that  of  aviation,  of  rapid  transit  by  machines  heavier  than  the 
air.  Most  of  would-be  inventors  have  taken  the  easy  road,  and  from 
the  height  they  have  gained,  pityingly  loojf  down  u|>on  the nnfnrtnnat<^ 
'ExtraclFil  Htifl  trBiwInUil  train  a  woTki!utit1c<l"L'Kiiii)in><lorAir;  Ewaid'OmU 
tbologir  (ipplii|u^  ^rAviiition.''    Octavo-  pp.  284.     Puris,  1881,  ^'l-^iJiilc 
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tt^'iatortt  still  Douuderiiig  iu  the  quagmire,  vith  little  tbougbt  that 
they  may  have  to  come  down  to  ttiis  same  qaagmire  in  order  to  get 
Homewbere. 

O!  blind  hnmauity!  opeu  thine  eyes  and  thou  shalt  see  milliousof 
birds  and  luyriadB  of  insects  cleaviug  the  atmosphere.  All  tbew 
vr<>atures  are  whirling  through  the  air  without  the  slightest  float: 
many  of  them  an>  gliding  therein,  withont  losing  height,  boor  sAn 
lionr,  on  pnlselesB  wiugH  without  fatigue;  and  after  beholding  this 
<IemoDstratiou  given  by  the  source  of  all  knowledge,  thoa  wilt  acknovl-  i 
<>dge  that  Aviation  is  the  path  to  be  followed.  I 

It  in  therefore  apparatus  "heavier  than  the  air**  which  1  propose  (■>  ' 
study ;  and  I  nieau  to  grasp  the  monster  by  the  horns.  I  expect  to 
have  as  a  guide  itnd  as  a  support  that  pot«nt  creator  of  all  prodigies,  i 
Nature  herself. 

Sht>  has  wholly  iguored  the  principle  of  "lighter  tbau  the  air"  in  ' 
tli'Hlgulug  her  creatures,  and  all  ber  flying  animals  are  heavier,  mucb 
heavier,  than  the  air  whicb  they  displace.    We  can  not  err  if  we  faitb 
fully  Ibllow  her  tea«-hiag». 

Ttiett^  are  twometbods  of  investigating  such  an  ai'duons  proUem; 
one  may  bts  lermeil  the  ''dosef  and  the  other  the  "open  air"  method. 
Tlio  Hrnt  oalU  iu  the  aid  ot  mathematics,  it  applies  them  to  some  It* 
itliHi>rvat idus,  mon.'  or  less  defective  or  irrelevant,  and  relying  upon 
this  l\itg)le  luHUilation.  it  expresses  by  a  goodly  show  of  equations  all 
that  the  observations  teacb — and  generally  ii  good  deid  more. 

Mutbeuutlifs  are  doubtless  ii:sefnl.  but  they  are  less  iiidsipensihie 
than  is  generally  t»elieved  towards  the  sedation  of  this  diflirult  problem. 
'I'liis  iu-ise.s  fi-om  tbe  fact  that  the  biisis  of  o|>eration,  the  formula.  i> 
always  ernmeons. 

Nothing  seems  more  simple  than  to  saiy:  "(iiven,  that  we  know  that 
r,  It,  and  F,  are  equal  U)  some  other  4-ompouud  fai'tors,  then  it  mast 
liillow," — and  then  qnadrm'tic  equations  and  calculus  come  in,  and  tli«' 
student  reaches  a  final  result.  wfai<'h  completely  disiigrees  with  the 
fiu-ts. 

When  we  start  from  false  premises,  we  arrive  at  some  <-oucloei<>t> 
Just  the  same,  but  it  is  not  the  object  anigbt.  But  even  if  the  fimnnhf 
1h'  correct,  it  is  certain  that  for  ninety-uiue  in  one  hnndtcd  intellerts. 
including  even  the  computer  himself,  a  inutbematical  result  will  never 
Ih-  as  convincing  as  aclear  explnmition  of  the  phenomena,  or  what  is 
uiuch  better  a  cmx-lusive  experiment. 

Thus,  I  conceive  niatbematics  to  be  an  interesting  instrumt'ni  of  n 
si'iii'ch,  but  not  a  convincing  urgiunent.  I  will  not  resort  to  them  hs  » 
uicuns  of  persuading  others  of  tbe  probability  of  success,  because  Ifeel 
well  c(tnvin4-etl  that  1  never  will  m<^«t  with  anybody  willing  to  hazaril 
his  llfK  ujHtn  the  bare  dictum  of  a  formula. 

'"'tofinil. — Then^  is  nothing  new  under  the  sun ;  and  for  the  problem 
t.  as  fitinmny  others,  this  old  pmverb  is  true. 
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In  the  lartli«8t  antiquity  the  problem  i»  preeeuted  to  as  as  having 
been  solved  by  Icarus.  What  is  there  absolutely  inii)ossible  in  tliat 
assertion  t  "With  close  observation,  good  sense,  and  inventive  faculty 
sticcesK  may  be  accomplished;  Icams,  perhaps,  had  these  marvellous 
good  gifts.    ... 

At  a  later  i>eriod,  balloons  came  with  their  enormous  bulk  athwart 
the  question ;  for  eighty  years  they  obscured  the  way  to  success.  They 
led  men's  minds  estray  into  coQceptiniis  without  issue,  and  inventors 
liave  all,  one  after  the  other,  brought  up  agaiust  the  impossible.     ■     ■     - 

Baliootu. — At  tlie  first  glance  there  seems  to  be  a  ulose  connection 

j     between  the  power  of  ascending  into  the  air,  and  that  of  progressiug 

tbnmgh  it,  and  yet  half  a  century's  consideration  has  shown  that  there 

is  a  profound  abyss  between  these  two  orders  of  ideas;  they  prove  in 

.     point  of  fact  to  be  directly  opposed  to  each  other. 

I 

THOUGHTS  CIN    AVIATION. 

I  have  already  s»id  that  Nature,  provident,  infallible,  always  know- 
1  log  far  more  than  the  most  attentive  study  can  teach  us,  [toints  out  to 
'     ns  the  way  to  imitate  her  works. 

Let  us  not  seek  to  be  wiser  than  she:  let  us  in  all  simplicity  follow 
where  she  leads;  thus  shall  we  arrive  at  a  resolt  easily,  without  ia- 
tigning  onr  brains  with  that  Chinese  puzzle, — that  mathemaiical  com- 
ponnding  of  x  and  y  and  e,  which  at  the  present  day  invades  all  ardu- 
ous questions. 

By  merely  observing  with  close  attention  how  the  winged  tribes  ])er- 

torin  their  feats,  by  carefully  reflecting  upon  what  we  have  seen,  and 

;     Mbove  all,  by  striving  correctly  to  auderstand  the  motlwi  operandi  of 

what  we  do  see,  we  )ire  sure  not  to  wainier  far  fVom  the  path,  which 

leads  to  eventniil  success. 

Methoda  of  Observation. — To  be  really  fruitful,  observation  must 
possess  several  peculiarities  and  quabties.  In  the  first  place,  we 
must  see  a<;eurately  and  then  we  must  understand  what  we  have  seen, 
and  then  again  we  mnat  apply  oiu'  acquired  knowledge  to  the  de- 
Uiled  investigation  uf  the  perlbrnianc^H  of  the  great  inaaters  iii  the 
art  of  flight. 

To  see  arcuratily,  it  is  not  only  necessary  to  have  good  eyes,  to  know 
how  to  keep  in  the  tield  of  the  telescoi>e  a  binl  going  nt  full  speed,  but 
still  more,  to  know  what  to  look  at,  wlwit  it  is  iuqwrtaut  to  observe. 
For  instance,  when  an  amat4.'Ui',  little  accustomed  to  this  kind  of 
observation,  hears  an  i-xjicrt  atfirni,  jwreuiptorily,  that  the  little  black 
•lot  just  i>erceptiblc  in  th«  sky  is  a  male  kestrel  falcou  {Faucon 
ereeerelU),  he  fonoies  the  expert  to  be  wool  gathering,  and  yet  the 
assertion  is  quite  true. 

Given  the  black  dot  i>erceivcd  by  the  esjjert,  wlio  hiis  aiM|uii't^  skill 
lU  such  observations,  a  kestrel  falcon  is  easily  recognizetl-  ib'^Cf^' ^iir, 
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wlietber  iu  soaring  or  in  tiapprng  flight;  its  long  tail  in  a  sure  index; 
there  is  no  pOBsibility  of  (.'Oirfouuding  it  with  a  raven,  a  bnzzanl,  a  kite, 
or  even  with  some  other  species  of  falcon;  its  i>eciiliar>tie8  are  too 
plain.  Now,  aa  to  the  detemiination  of  the  Bex,  nothing  is  easier. 
One  need  only  observe  the  bird  for  a  few  momenta,  the  male  discovers 
himself  by  the  petulance  and  rapidity  of  his  beats,  by  the  energy  of 
his  movements;  the  female  is  more  snpple  and  less  ardent  in  her  mode 
of  cleaving  through  the  air. 

As  for  the  "Pharaoh^s  chicken"  (Percnoptire),  the  case  is  again 
easy.  Afar  off  it  may  be  distinguished  amid  a  flock  of  kites,  which  it 
often  accompanies,  by  a  slight  peculiarity  in  its  flight,  a  remarkable 
unsteadiness  in  its  forward  progress,  also  by  the  narrow  width  of  it': 
wings,  and  by  their  decided  rectilinear  set  athwart  the  body,  for  thej 
are  partly  folded  or  flexed  only  when  thu  wind  is  very  strong.  As  tfl 
the  male  bird,  he  may  be  distinguished  from  the  female  as  far  as  tbe 
eye  can  reach  by  his  color,  for  he  is  white  and  the  female  is  dark 
brown. 

The  great  tawny  vultures  ( Gyps  fulvus)  are  to  be  recognized  by  their 
steadiness  in  soaring,  by  the  amplitude  of  their  circling  Bweei>8,  and 
by  the  miuvstic  deliberation  of  their  movements. 

The  arriuns  {VuUur  moaachm)  and  the  oricous  (Otogypg  auricular) 
are  noticeiible  by  the  exaggeration  of  all  these  latter  qualities  and  by 
a  ilivrkcr  plumage. 

An  for  the  bearded  griMn  ( Oypa^'toa),  its  long  tail,  broad  and  ronndt-d, 
eaKily  disi'loBCH  him  afar  ofl';  there  is  no  binl  of  similar  outline  amonir 
the  large  soarers. 

Mere  then  in  all  its  simpUcity,  is  the  explanation  of  a  featof  dis- 
('crninent  which  generally  astonishes  the  inexi>ert.  In  order  to  dctci- 
niine  accurately  the  khid  of  bird  seen  afar  off  iu  full  flight,  it  is  aimi^y 
iit'cessary  to  have  observed  it  long  and  well.  When  eagles  have 
Htarted  ott'  within  50  yards,  and  the  eyes  have  followe^l  them  many 
times,  the  evolntions  have  become  phot^tgi'aphcd  on  the  memory;  and 
Inter,  on  other  occasions,  when  the  sann^  rhythm  of  movement  is  pw- 
ct-ived,  there  is  no  longer  need  to  concentrate  the  attention  on  tlif 
Hliiipe  of  tiie  claws  to  determine  whether  the  bird  in  view  l»e  an  eagle 
or  II  vulture.     ■     ■     ■ 

(3loHe  ))ro\imity  is  greatly  to  be  desired  in  studying  the  manicuvrw 
irfbinls.  1  have  been  enabled  to  observe  at  very  close  range  several 
IiIikIh:  the  ci-ows,  the  kestrel  falcons,  the  peregrine  falcon,  the  ki>. 
(lie  Kgyptian  vulture,  the  i^lit^ans,  the  tawny  vnltnres,  eto.,  bave 
yiuldcd  many  of'tlieir  .secrets  to  me. 

I  will  not  licn^  amplify  on  what  I  say  iis  to  tht-  crow  and  the  kite  iu 
tlMichtt|it4!r  dcvot«d  to  them;  in  C'airo  it  is  easy  to  touch  the  latter 
bird  in  fidl  flight,  by  going  almut  it  dexterously,  but  the  most  stirring, 
lui'iling  Might  (tliu  wonl  is  not  to<i  energetic)  is  to  stand  in  the  vultun- 
riMinl  on  Uif  Mokatan  ridge,  ui-.w  Ciiii-o,  and  to  look  ii))on  the  Uypt/nl- 
I'liM,  pjiKNiiig  within  llv(^  yards  in  full  fliglit, 
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How  tiselcitis  U)  oeck  to  describe  tbiu  spectacle  !  When  tbtise  t^uor- 
moas  birds  ruab  by  so  close  to  you,  an  ii^ttonishiug  rustling  may  be 
heard;  the  great  primary  featbers  vibrate  like  tongues  of  steel,  and 
dex  upward  to  a  quarter  circle  under  the  fifteeu  pouuds  of  bird  they 
bear. 

There  the  great  vultures  gather  in  hundreds;  tlie  -^lOgyptiau  vul- 
tttres"  are  uo  longer  to  be  reckoued,  tbey  are  but  a  garnishing,  while 
the  kites  creep  in  among  the  lot  and  make  tlieniselves  small,  and  the 
great  raven  {Corvus  corax)  incessantly  croaks  agiiinst  the  invasion  of 
his  domain.  Beak  blows  arc  numerous;  each  snmller  bird  must  keep 
bis  distance,  for  if  he  passes  within  neck  length,  a  savage  peek  be 
gets  from  the  vulture.  The  larger  birds  are  scarcely  more  amiable  to 
tbcir  own  species;  if  interference  threatens  in  aligliting,  a  slirill  warn- 
ing cry  is  heard,  a  blow  im]iends,  and  tlie  weaker  must  dive  away,  to 
befin  all  over  again  the  complicated  evolutions  required  to  check  the 
motion,  and  to  alight  upon  the  perch  in  safety. 

Ooe  of  the  maneavres  whi<-h  always  astonishes  tbe  observer  is  the 
uligbting.  The  great  vultures  arise  above  the  perch  at  the  average 
beight  which  they  generally  keep  iilH)ve  the  ground — that  is  to  say, 
rame  500  or  600  yards  above  it.  Having  reached  the  terminus,  they 
sweep  around  for  a  few  minutes  to  inspect  the  tofragrapby,  and  then 
they  determine  to  descend.  The  eagle  comes  down  like  a  meteor;  be 
is  so  powerful  that  he  can  control  bis  movements  at  100  miles  an 
bunr;  but  the  great  vulture  has  no  such  strength  of  pectoral  muscle. 
He  drops  perpendicularly  like  t]ie  eagle,  but  he  seldom  folds  his  wings 
u>  gain  speed.  He  would  come  down  Um  fast,  and  the  desi-ent  is  some- 
times very  great;  for  I  have  seen  birds  which  were  already  in  full 
descent  when  first  they  appeared  at  the  zenith,  say  at  a  height  of 
Dearly  2  miles.  If  tbey  had  then  folded  their  wings,  and  allowed  ac- 
celeration to  occur,  they  could  no  longer  havf  controlled  their  velocity; 
tbey  would  have  been  disabled,  for  their  power  would  then  have  been 
inadequate  to  a  change  of  direction. 

Next  to  close  and  accurate  observation  a  proper  understanding  must 
be  attained.  This  second  stage  is  more  ditUcult  to  reach  than  the  first; 
and  this  results  because  we  must  discard  many  preconceived  ideas  which 
ubiwure  the  eyes  of  the  mind.  -  -  -  Then  the  observations  mnst  also 
be  accompanied  by  accurate  data. 

We  can  do  longer  accept  the  immense  dimensinns  ami  the  moustnms 
"eights  of  guess-work.  We  must  have  cxa<'t  measurements  and  ac- 
curate live  weight  of  birds  in  full  health  and  ni  nomml  condition. 
Above  all,  it  is  indispensable  that  the  observer  shall  be  enough  of 
an  ornithologist  to  determine  at  once  the  spe<rie8  and  peculiarities  of 
the  bird  he  is  looking  at;  not  merely  on  the  disseoting  table,  bat  also 
afar  off,  on  a  perch,  and  especially  in  full  flight. 

This  knowledge  is  to   be  acquired  neither   from   books  nor  from 

mnsenms;  it  must  be  obtained  bv  much  conning  of  the  great  volume 
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ofmttiire,by  taking  account  and  tbuugbt  of  the  various  movemeiitK, 
operations,  and  evoluti^tus  of  tlic  birds,  by  becomiug  acquainted  witfa 
all  tlieir  inanu-uvoTfi,  and  above  all  by  underBtandiug  them  correctly, 
tlio  bow  and  tlie  wlierctbn-.  Wirliont  ull  this  information  success  ik 
not  i)0))sible.  If  the  man  does  not  i-Ii'arly  understand  what  the  bini 
doeM  and  intends  in  a  Ki\'eu  position  and  u  certain  coujaocture,  hov 
ran  be  hope  to  imitate  ittt  flight! 

The  obnerver  miixt  conritniitly  set  inoblems  lor  himself,  in  thehoiK 
that  ocvaHtonally  the  binl  will  demonsti-ate  a  solution.  Thus,  I  *a« 
t-oiiviuced,  a  priori,  thiit  iin  ('xpert  soaiw  i^)uld,  in  a  fi:e»h  breen-, 
mo  dirc'clly  into  tbe  iiir  and  advance  agniiiKt  the  wind  at  the  saint 
time.  I  felt  sui-e  that  tbe  feat  was  feanible.  1  waited  for  years  before 
witneHaiiig  thin  evolution.  At  last  tnw  day  in  AMch,  two  eagles  Jti 
Uivu  atlbrdod  me  this  siHK'taele.  One  of  them  lauuclied  from  the  tnji 
of  the  ash  tree  wbieh  m-rvcd  as  a  i>ei-e)i,  descended  against  tbe  wtiid 
0  to  10  feeit,  was  riiisetl  up  by  a  gnst  of  wind,  and  thus  continued  lu 
rise,  Hlowly,  steadily,  tor  a  hundred  yards  into  the  air,  wbile  be  abu 
advaiictnl  some  .'lO  yards  against  the  wind,  without  a  single  beat  or  im 
pulse  of  bis  mighty  wings. 

Sneb  convincing  demonstrations  -aw  not  to  bu  seen  every  day;  tbey 
must  be  i>er8isteutly  awaited ;  tbe  observer  must  burn  with  the  sacred 
Hre;  he  must  be  dniwn  to  the  study  of  flying  creatures  by  that  trndt:- 1 
finable  eutbusiasiu  wbieh  shall  cause  his  heart  to  throb  when  be  trit- 
nesse.s  certain  evolutions.    •     .     - 

It  is  but  rarely  that  a  bii-d  mauipuver  is  absolutely  iucompieheu 
sible ;  for  pecnliaritie."  and  motives  not  understood  upon  a  first  demou 
stratioD  ore  explained  by  (Vesb  ol>servationa  made  under  bappier  coudi- 
tions.  Ill  all  rases,  to  learu  the  how  and  wherefore,  the  study  mnst 
be  a  labor  of  love. 

All  my  life  slinll  I  remember  the  first  flight  which  I  saw  of  the  Oi/p* 
fntrwi,  the  great  tawiiy  vultures  of  Africa.  I  was  so  impressed  that  all 
day  long  1  could  think  of  nothing  else;  and  iudeed  there  was  gixxi 
e«use,  for  it  wsia  a  pnietieal.  [H-rfect  deiiioustr.ition  of  all  my  precon- 
<t'ived  theories  concerning  the  possibilities  of  artificial  flight  in  a  wiud. 
Siuee  then  I  have  obseivcil  thousauds  of  ^■ultureB.  I  have  disturbed 
many  of  the  vast  flm-ks  of  these  birds,  and  yet.  even  now,  I  can  not  sev 
one  individual  passing  through  the  air  without  following  him  rill' 
niy  eyes  until  he  dtsupp«'ars  iu  tbe  distant  horizon. 

Fruitt^ilolwervationrequiresthat  thenii>dei  be  well  chosen.  Orduiarj' 
observers  are  ecmtine^l  lo  the  bad  examples  which  are  found  in  tbeir 
Ittcalily.  Tliey  can  only  study  the  dapping  birds — the  pigeons,  the 
batii.  the  little  insects  even.  Wbat  go«Ml  is  to  be  got  from  studying  a 
model  which  can  not  U'  imitated  ou  a  larger  scale!  It  is  impossible  to 
ropn>duee  an  insect^  a  stutrrow,  even  a  pigeon,  upon  proportiona  wbitli 
will  carry  a  man.  So  material  will  bear  the  strains  of  wing  beats  n* 
energT'lic  as  thus*'  of  the  sparrow.  Ste»'l  itself  is  too  weak  in  proportion 
•weight,     ■     ■     . 
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Couimon  tteuae  indicates  tliat  the  weak  cau  only  aspire  tolighttaskH. 
Wliich  then  are  the  birds  that  expend  the  least  energyt  They  are 
clearly  the  soaring  birds,  sweeping  over  great  distances,  by  the  sole 
power  of  th&  wind. 

The  vulture's  needs  are  lew,  and  his  strength  is  moderate.  To  earn 
iiis  living  be  bnt  needs  to  sight  the  dead  animal  from  afar.  And  bi> 
vhat  does  he  kuowf  He  knows  how  to  rise,  how  to  ttoat  aloft,  to 
sweep  the  field  with  keen  visioo,  to  sail  upon  the  wind  without  effort, 
till  the  carcass  is  seen,  and  then  to  descend  slowly,  after  careful  reooii- 
iiaJssance  and  assurance  that  he  may  alight  without  danger,  that  be 
will  not  be  anrprisi'd,  and  compelled  to  percipitous  and  painful  depart- 
ure. And  so  he  has  evolved  a  peculiar  mode  of  dight;  he  sails  and 
spends  no  force,  he  never  hurries,  he  uses  the  wind  instead  of  hia  luus- 
rles,  and  the  wing  dap  occasionally  seen  is  meant  to  limber  up  rather 
tban  to  hasten  through  the  air.  And  so  the  true  model  to  study  is  the 
vnlture^the  great  vulture.  Beside  him  the  stork  is  as  a  wren,  the  kite 
a  mere  butterfly,  the  falcon  a  pin  feather. 

Whoso  has  for  five  minutes  had  the  fortune  to  see  the  Oricou  vnl- 
tnre  in  fnll  sail  through  the  air,  and  has  not  perceived  the  possibility 
of  his  imitation  by  roan,  is — I  will  nut  say  of  dull  understanding,  but 
certainly  inapt  to  analyze  and  to  appreciate. 

OENITHOLOOY;   SlTBVEyED  IK   PLIGHT, 

And  here  I  must  deliver  a  little  lectni'e  upon  ornithology,  ft-om  a 
point  of  view  vital  to  the  question,  that  is  to  say,  the  acts  of  tlight, — a 
point  of  view,  queerly  enough,  which  is  generally  ignored  in  books. 

Flight  is  the  bird's  chief  peculiarity;  it  is  his  one  good  gift,  so  let 
OS  rapidly  review  the  acts  of  the  creatures  which  travel  on  the  air. 

The  lowest  class  is  that  of  the  insects.  All  of  them  progress  by  beat- 
ing flight;  they  are  rowers  {rameunt),  save  ])erhaps  some  midday  butter- 
fliex,  which  occasionally  glide.  Their  wings  are  elastic,  true  planem, 
altering  their  shape  and  acting  oil  the  air  throngh  tiexible  torsion  on 
the  up  and  the  down  stroke. 

Dr.  Marey  has  given  very  interesting  destiijitions  and  gra]>hi<^  dia- 
toms of  insect  flight.  They  are  pictured  motions,  exactly  re-produced. 
Nothing  better  is  to  be  desired. 

The  reptiles — supposed  to  be  the  bird's  original  prutotypii — can  now- 
adays only  produce  that  little  East  Indian  hzard,  the  liraco  volaim, 
who  glides  from  tree  to  tree.  He  can  compass  but  a  few  yards, — say, 
from  one  branch  to  another. 

But  past  geologic  times  att'uid  much  more  interesting  specimens. 
At  the  epoch  of  the  Lias,  nature  produced  a  whole  family  of  reptiles 
whose  hves  must  have  twen  spent  ui  the  iiir.  The  ptenidactyls  must, 
iu  order  to  earn  their  living,  have  iiossesscd  the  faculty  of  moving 
and  sailing  on  the  an*,  jast  as  the  large  birds  do  to-day. 
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TLe  class  of  tishea,  as  might  be  expected,  presvote  few  spccimeosof 
dyiDg  creatures;  perhaps  a  dozen  speciea  can  project  themaelvea  fhiin 
the  sea,  glide  a  few  air  yards  with  great  effort,  and  retam  to  their 
liquid  element. 

Flight  progrettsiou  is  certainly  the  most  elegant  mode  of  motion  given 
by  nature  to  her  creatures.  Bui  all  birds  are  not  equally  gifted  although 
each  animal  has  modes  of  flight  apjiropriate  to  his  neetls,  for  life  depends 
on  tltia. 

Which  of  all  the  biida  is  besteudowedforflight  by  nature!  Aquee- 
tioii  often  put,  and  answered  many  ways. 

Ih  it  ihe  eagle,  with  bis  m^estic  sweept  He  ia  certainly  great;  tiie 
king  of  the  air;  but  the  humble  pigeon  outstrips  him  in  the  sky,  as  the 
greyhound  flashing  by  the  niastifl.  Is  it  the  Itigate  bird,  with  bis  great 
spread  of  wingsl  Assuredly  no,  1  answer;  there  are  circumstauces 
when  the  frigate  bird  can  not  rise  from  the  ground.  Is  it  the  group 
of  the  great  vnlturest  These  may  be  the  best  for  man  to  imitate, 
but  for  speed,  for  endurance,  for  quick  evolution,  their  vast  wings  re- 
quire too  much  space  to  produce  modes  of  flight  entitling  them  to  btid- 
life  primacy.    A  condor  can  not  get  under  way  and  rise  like  a  sporrov. 

May  it  notthen  be  the  charming  swallow,  so  lively,  so  quick,  so  agile! 
Alas!  no;  her  great  proiwrtion  of  wing  surface  is  the  sport  of  a  gostof 
wintl.  Uer  small  mass  is  insuflScient  in  great  currents  of  air.  Tlie 
sparrows  arc  after  all  the  best  eoflowed  for  bird  flight  and  bird  life. 
Bpeed,  quickness  in  action,  difli(^ult  feats,  constant  readiness,  all  tu« 
compassed  by  them.  And  yet  these  birds  during  their  whole  year,  do 
not  flit  as  far  as  sea  birds  in  a  month. 

From  these  remarks  it  ia  safe  to  conclude,  and  to  say  to  ourxelres, 
that  each  bird  flics  perfectly,  )iccor<ling  to  his  needs.  Yet,  f^m  bird 
l>oint  of  view,  the  s|)arrow  approaches  the  type  of  perfection.  As  to 
sjteed,  he  may  outstrip  the  pigeon;  as  to  power,  he  can  rise  verticallj 
to  couHiderablc  heights;  us  to  journeys,  he  equals  other  birds,  for  he 
also  has  his  periodical  migrations. 

This  selection  may  at  first  sight  appear  carious;  but  It  will  be  re- 
memlH>red  that  it  is  only  small  bir<ls  which  compass  all  the  monstrotu 
difltmilties  of  flight.  The  warblers,  the  sylvias,  the  humming-birds, 
are  ooustantly  performing  astonishing  feats  and  g>-muastics;  they  are 
athletes  and  acrobats.  We  may  even  at  this  point  formulate  auornithu- 
logiciil  law,  and  here  it  is:  The  proportional  i>ow(^r  is  in  direct  ratio 
to  the  smullness  of  the  bird. 

We  do  not  generally  appretuatt^  this  power;  and  yet  let  us  observe 
Ihe  metallic  elasticity  of  the  warbler's  muscles,  in  its  zigzag  flashinpt 
in  pursuit  of  a  fly;  observe  the  wings' pulsation,  vibrating  like  tongue 
of  steel,  and  almost  prmlncing  harmonic  notes;  and  conceive  of  the 
cnerg>'  s[Hmt  in  such  rapid  motions.  A  condor  whose  [leirtoral  muscles 
could  produce  .such  li^'htniug  beats,  needs  have  bis  wings  of  steel:  their 
roar  would  be  as  thunder. 
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From  the  bird's  jjuiut  of  view,  the  Hiiiall  aiv  bvHt  viidowitl;  but  tlu-ir 
power,  skill,  and  life,  di»ii  cau  not  re-prodiicv.  If  he  is  destiobd  evvr  to 
cleave  the  azure,  he  must  seek  his  model  mon'  nearly  of  his  size. 

Varieties  in  formn  of  idng». — Ornithologists  have  divided  the  differ- 
ent forms  of  wings  into  two  groups:  the  acute  wings  and  the  obtuse 
wings;  then  again  these  are  sub-divided  into  the  super-acute  and  sub- 
aeute,  the  super-obtuse  and  sub-obtuse. 

This  classiAvation,  however  excellent  it  may  be,  is  not  sufficient, 
tn  order  t'>  explain  satisfactorily  the  numerous  facts  observed  conourn- 
iog  flight,  we  must  have  more  data  than  are  furnished  by  these  divi- 
sions, which  are  !(»  vague  and  general.  We  nnist  take  account  of  the 
amount  of  wing  surface,  in  proportion  to  Meight,  of  the  length  of  the 
wing  in  relation  to  its  width,  and  to  the  mass  of  the  bird;  in  faxX  we 
must  consider  many  circumstances,  which  render  it  necessary  to  study 
each  family  by  itself,  in  order  fi  reach  satisfactory  conclusions. 

As  a  result  of  the  study  of  all  these  conditions— a  study  to  be  found 
Ikrther  on, — we  may  now  establish  a  series  of  principal  divisions, 
which  may  be  cundensetl  inider  the  remarks  following. 

it  may  be  nafely  affirmed:  that  a  bird  with  long  and  wide  wings  is 
welt  equipped  lor  soaringflight.  A  gift  which  goeson  increasing  with  , 
the  mass;  that  the  bird  with  long  and  narrow  wings  is  well  equjpi>ed 
for  gliding  in  greut  winds,  and  tliat  this  gift  also  increases  with  the 
mass;  that  short  and  wide  wings  (in  proportion  to  body)  indicate  and 
produce  a  fiight  of  small  extent ;  linallytliat  short  and  narrow  wings 
denote  great  rectilinear  sjiee^l.  We  may  even  lay  down  the  law: 
Velocity  is  in  inverse  ratio  to  wing  surface. 

This,  be  it  uuiU-rstotH],  applies  to  birds  which  fly,  tor  else  the  ostrich 
and  the  apterj-x  woold  be  the  most  rapid  of  birds;  but  we  may  say  that 
among  flying  binis  velocity,  straitfocward,  increases  as  the  propor- 
tional surfaeediminishes.  It  must  be  so  to  sustain  the  increased  rela- 
tive weight.  K\'ery  sportsman  knows  the  astonishing  siteed  of  ducks, 
teals,  loons,  etc.,  and  the  slowness  of  herons,  lap  wings,  and  barn  owls. 

It  is  useless  to  enlarge  upon  these  fundamental  principles,  for  we 
shall  find  them  constantly  explained  and  applied  in  our  studies  of  the 
flight  of  each  feathered  family. 

The  tail  of  birda. — The  tail,  as  an  apparatus,  serves  to  sustain,  to 
direct,  and  to  preserve  the  equilibrium.  -  <  -  It  is  a  useful  organ, 
but  not  indispelisable.  A  bird  who  has  been  deprived  of  its  tail  will 
Ay,  with  its  own  particular  mode  of  flight,  after  some  days'  practitre, 
and  without  much  variance  or  difficulty.  -  -  -  Many  birds  which 
are  expert  flyers  have  scarcely  any  tail :  the  herons,  the  albatross,  the 
dacks,  the  teals,  the  pelicans,  the  gulls,  et^:.,  etc. 

Again,  the  tail  may  be  large  or  small  without  apparent  reason.  As 
witness  the  turtle-dove  and  the  Egyptian  dove,  the  magpie  and  the 
jay,  the  vulture  and  the  tumbler  eagle.  d.  . .  a  b  CitlCJ  Ic 
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Orv:it  Mzt<.  of  tail  lilways  mdt<;iiti->'  ft-ubk'  lii;{lit,  i^Mitedallv  when  the 
iipijeiidflgo  becomes  very  large. 

W<^  may  neglect  to  cousider  this  organ,  as  giving  bnt  vague  iudica- 
tiouB  of  its  utility,  yet  if  we  miifit  iiccount  for  the  final  cause,  for  the 
necessity  for  this  organ,  particularly  when  it  is  well  developed,  we 
arrive  at  the  following  deduction: 

The  tailof  birdsservesas^theranornament  or  as  an  organ  for  flight. 
The  ornamental  consideration  concerns  us  not,  it  may  here  be  neglected. 
As  an  organ  of  flight,  we  may  be  enlightened  as  to  its  ase  by  the  fol- 
lowing description  of  a  maniBuver  witnessed. 

A  kestrel  falcon  va»  skimming  close  along  a  hedge,  almost  at  ground 
level;  its  speed  was  moderate  and  its  direction  straight;  when  all  at 
once, — as  if  moved  by  a  released  spring,  it  darted  a  right  angle  and 
pounced  upou  a  lizard.  The  angle  deviated  was  precise  and  the  action 
of  incredible  swiftness.  To  ]>ei'form  this,  the  bird  used  its  tail;  it  i 
absolutely  needed  this  rudder,  so  ample  and  powerful.  ! 

Here  we  see  the  use  of  a  great  development  of  this  organ  of  locomo-  i 
tion;  it  permits  surprisiug  the  prey  by  a  sudden  change  of  direction,     j 

It  seems  probable  that  the  powerful  tail  of  the  gypaStns  is  destined  I 
for  the  same  function ;  hts  mode  of  hunting  among  the  rocks,  deliver  | 
ing  great  body  blows  must  be  facilitated  by  its  ample  and  powerflit  i 
tail. 

In  flne,  the  tail  best  serves  in  pursuing  the  prey,  bat  is  not  indis- 
pensable for  long-con  tinned  flight,  as  indeed  may  be  proved  by  reiaov 
ing  it  from  the  bird. 

We  then  conclude  that  the  tail's  chief  ase  is  in  producing  rapid  i 
changes  of  direction;  and  curiously  enough  when  the  bird  does  not 
employ  it,  his  flight  is  always  straight.    This  may  be  formolated  ax 
follows:     Aptitude  for  changing  the  direction  of  flight  is  in  direct 
ratio  with  the  amplitude  and  power  of  the  tail. 

It  is  only  from  the  theoretical  point  of  view,  from  its  application  to 
artiflcial  flight,  that  the  utility  of  this  organ  is  here  disregarded.  The 
equilibrium  may  be  maintained  upon  two  points  of  support,  as  witness 
our  legs,  stilts,  the  velocipede,  etc,  yet  we  must  acknowledge  tbat 
in  practice  a  third  point  of  support-  becomes  very  useful ;  it  introduces 
absolute  stability,  and  minimizes  that  constant  strain  on  the  atteutitm 
required  to  avoid  falling. 

Therefore  a  third  point  of  support  obtains  even  among  birds  with 
rudimentary  tails.  For  example,  the  )>eUcan  dazzles  not  with  tbe 
development  of  his  caudal  ap])endage,  but  we  may  note  that  the  gen 
cral  form  of  his  Ixnly  suppliej<  the  deficiency.  When  in  fall  flight  he 
presents  the  following  attitude:  (Wee  Fig.  1.) 

It  will  be  observed  that  his  arm  and  his  forearm  form  ppououuc«i 
angles,  like  those  of  a  flattened  letter  M,  and  that  he  may  shift  hii* 
center  of  gravity  by  playing  these  wings  back  and  forth  without  com- 
promising his  equilibrium.  This  leads,  incidentally,  to  another  formula: 
Birds  without  tails  all  have  the  forearm  very  long. ,    .^ooL. 
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Tbetailto  be  effective  reiiuires  that  the  Bi>ced,  oi- tlw!  wiod,  shall 
be  great  (these  are  e<iuivaleut  in  aviation),  for  if  the  bird  had  uo  other 
Die&ns  of  steering,  bis  movements  would  bp  dreadfully  hampered  At 


¥m.  I.— roll.'Bnlntllicht. 

lov  speeds.  He  aubntituteH,  as  we  shall  ««'e,  for  this  imperfect  ai-tion 
iither  aud  more  eiifrgetii-.  lueaim  of  ebnii^nf;  hiH  dinwtioii. 

T)te  flight  of  thefiappmg  hirtls. — I^-t  us  vIp^  the  bird  when  first  he 
means  to  start.  He  ia  on  the  pnmndHn'  cmuches  to  N(n-iiie:  up.  leitiiip 
lii«  wings  bung  down  loosely. 

Let  us  analyzf^  this  first  niovemont.  The  wiug  is  divided  into  three 
planes,  one  formed  by  tbo  humerus,  iuiotlier  by  the  radius  and  the 
nina,  and  the  third  by  the  han<l.  The  result  prcnlaced  hy  the  position 
nf  these  three  planes  is  to  offer  no  resistance  to  the  air. 

But  this  does  not  exhaust  the  decomiwisition  of  this  attitinle;  all  the 
feathers,  ;>articnlar]y  thorn*  lit  the  tips  of  the  wings,  are  so  incline*'  that 
ihc  air  i»  met  by  their  edges  iiisteiid  of  their  broadsi<les.  Still  further 
»e  see  that  the  wing  is  never  raise<I  on  the  up  stroke  ntfull  spretwl,  but 
veil  folded  on  itself,  so  a^  to  |>res('iit  the  least  possibh'  surface  i<nd  yet 
aceomplish  the  movement  witli  least  effort  and  greatest  celerit.w 

Sow  let  us  note  the  seeond  movement:  the  birdV  wing  beating  down 
the  air.  The  aetion  is  simple;  the  wing  is  fully  extended  and  stiff,  the 
feathers  close  its  whole  surfai-e,  and  it  is  concave  on  the  under  side. 
There  is  therefore  a  great  difference  in  Ihe  result  obtained  between  the 
lip  and  down  stroke  of  the  wing.  This  differenoc  prodncHs  the  lifting 
fffect  in  Happing  flight. 

Exactly  to  appreciate  this  difference,  to  feel  ir  as  it  were,  h-t  the  reader 
'rte  the  freshly  severed  wing  of  a  large  bird,  grasp  it  by  the  liuraerus, 
niiil  imitate  the  up  and  down  stroke.  This  e\]>enineut  will  give  a  bet- 
■er  understanding  of  beating  flight  than  all  jiossible  descriptions  and 
■'xplanations.  It  is  pn>ximute  and  plain,  one  teds  the  efforts  i-ecjuin-d 
l>>  each  movement,  and  passes  Jndgment  <m  them  directly.  The  upwai-d 
Tiring  of  the  legs,  and  the  first  beat  of  the  wings,  have  lauiu-hed  the 
tiinl  in  the  air.  He  repeats  the  heats  rapidly  and  rises,  not  veitically, 
but  at  an  angle  within  iH'^.    To  rise  perpendicularly  the  bird  is  com- 
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[M;lleil  to  revei'Mi'  IitniNi'll',  n  difliciilt  in.iiKJL'uvtir,  sometimes  performed 
by  pigeous  id  the  pigeoii  liontM;  to  limber  np  their  wings. 

To  pass  &om  t\m  iucliiiatioii  of  some  45°  into  horizontiil  eonree,  tiie 
bird  brings  the  tail  into  play.  He  dcpi-esses  it,  and  prodacea  througb 
the  pressure  corresponding  to  the  velocity  (sometimes  aided  by  a  par- 
ticular light  beat)  a  decoaiposition  of  forces  which  results  in  changing 
the  course  from  45°  to  the  horizontal.  If  the.  tail  is  weak,  he  uses  his 
deltoid  mus(^lefi.  which  raise  his  body  relatively  and  so  produce  tlie 
same  result.    In  general,  birds  oft^n  employ  botli  means  simultaneonBly. 

Horizontal  motion  being  attained,  the  manner  of  flight  is  slightly 
inodiflod  with  increasing  speed.  The  wing  no  longer  beats  perpendic- 
ularly, but  is  xligbtly  inclined  in  the  direction  of  the  course  in  order 
to  increase  the  speed.         -     ■  l 

Soaring  ftujht. — Home  naturalists  have  advanced  most  curions  ex- 
planations of  bird  t)ight,  especially  of  soiiring  or  sailing  flight  For 
their  purpose  lightness  is  the  main  requisite.  They  have  pointed  to 
the  pcmms  tiones,  to  the  spaces  filled  with  air  sometimes  occnrrini! 
under  the  skiu  of  these  creatures,  as  indispensable  conditions  foraop- 
port  in  the  air. 

These  are  fallacies.  Birds  always  exhibit  i;ori>oral  density,  practi- 
cally the  same  as  land  animals.  Deprived  of  their  feathers  they  sink 
in  water;  their  specific  gravity  is  about  I,  as  is  that  of  man,  of  mam- 
mals, antl  of  fishes. 

To  rightly  explain  the  flight  of  birds,  wo  must  consider  them  as  ; 
highly  organized  machines,  which  are  sustained  through  the  reai'tions 
produced  by  muscular  effort:  not  us  a  balloon  lioiiting  in  the  air,  bnt 
as  a  stone  glancing  along  the  water,  or  a  skater  gliding  over  thin  icf. 
All  that  apparatus  described  for  distending  the  gannct,  the  pigeon- 
all  those  hollow  bones  of  the  itelicau,  the  albatross,  et<-.,  serve  flight  in 
uo<legree.    Their  utility  is  different. 

After  all,  experiment  is  easy.  Strip  a  bird  of  his  body  feathen, 
leaving  him  only  the  wing  and  feathers,  and  his  flight  will  beiunovay 
changeil;  he  will  get  chilled,  he  will  not  be  able  to  Hwim  if  be  ii*» 
water  bird,  but  be  will  assuredly  not  fly  the  worse. 

I^et  us  now  explain  the  flight  of  the  soaring  birds,  or  as  1  prefer  to 
call  them,  the  sailers.  Birds  s»»ar  (>erfectiy  in  proportion  to  the  mag- 
nitude of  their  sustaining  surfaces  and  of  the  greatness  of  their  mass. 
This  is  an  unquestionable  principle.  A  large  bird,  an  average  siid 
bini,  and  a  small  bird,  all  three  haviug  the  same  proportioDal  surface 
relative  to  their  weight,  will  soar  the  better  the  heavier  they  are. 

Let  us  consider,  then,  only  the  larger  birds,  for  these  alone  can  efiiect 
the  decomjtositions  of  wind-force  which  produ<^e  flight  without  flapping 
of  wing.    As  the  sailing  bird  flrst  launches  out  with  flaps,  unless  from 
a  |)erch  he  plunges  togetspeed,we  wilt  suppose  him  in  full  action  ioair,    i 
and  possessing  initial  vehn^ity.     He  will  then  glide  on  rigid  wings.    If    I 
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there  be  iiuwiud  ho  vill  glide  totlic  jjrouiid,  to  a  diittauve  |H'i>ixii'tiuuaL 
always  to  his  surface,  and  above  all,  to  his  mass;  therefore  an  aiTian. 
TDltaro  nil]  glide  &rther  thaii  a  tawny  vulture,  and  this  latter  farther 
than  au  Egyptian  vnltare,  yet  they  are  all  eouBtructed  very  nearly  in. 
Ihe  same  proportions. 

M'hen  there  is  no  wind,  sailing  birds  must  come  down ;  Hight  is  not 
pu!46ible  uulesR  the,^-  choose  to  flap.  This  »ore  necessity  rantly  brings- 
early  birds,  for  the  morning  is  usnalty  calm,  particularly  in  the  tropics.. 
Bnt  let  there  be  a  current  of  air,  a  circumstance  almost  always, 
present  at  a  certaiu  height  in  tb*'  atmosphere;  at  once  the  scene 
cbanges,  the  sailer  sweeps  in  circles,  he  rises  ui>on  the  air  to  great 
altitudes,  and  tbenee  he  glides  downward  where  he  wishes  to  go,  even 
afiaiDSt  the  wind. 

Ijct  US  try  to  explain  this  circling  act.  The  bird  glides  in  his  sweep 
in  the  direi-tiou  with  the  wind,  losing  as  little  height  as  possible,  the 
uind  imparting  velocity  almost  e(|ua)  to  its  own  by  impact  in  the  rear. 
This  push  is  effe<-tive:  there  is  a  good  hold  against  upturned  feathers, 
whereas  when  the  bin)  turns  again  against  the  wind  all  feathers  are 
smoothed  down  snug  against  eai-li  other  and  presenting  surfaces  of 
least  resistance.  This  diCTereiiee  in  action  is  akin  to  the  revolving  cups 
vbicb  serve  as  anemometers  tlinmgb  the  different  resistaDcea  of  the 
convex  and  concave  surfaces.*  As  the  bird  Airther  sweeps  around  he 
faces  the  wind,  with  freshly  acquired  velocity,  and  utilises  this  in  gain- 
ing fresh  elevation. 

In  all  soberness  is  this  fraction  of  an  explanation  pn^sented ;  for  this 
rircliag  action  is  little  understood  and  is  evidently  of  gieat  use  to  the 
bird.  When  be  faces  the  wind  in  the  sweep  he  desciibes,  the  bird  ad- 
justs his  wings  and  tail  so  as  to  rise  slightly,  his  own  actjuired  speed  in- 
creasing the  normal  wind  pressure,  he  rises  more  than  he  has  droppe<l 
to  develop  bis  own  speed. 

To  sum  it  up,  there  is  a  balance  of  benefit;  the  result,  a  lift  pro- 
duced by  the  force  of  the  wind,  whicb  does  not  iu:t  with  equal  effect 
whether  the  bird's  front  or  rear  is  presented  thereto. 

The  soaring  bird  repeats  tbis  circling  sweep,  and  gains  elevation  at 
every  lap.  The  greater  is  the  mass  of  bird  and  tbe  more  nearly  con- 
centric are  the  sweeps,  especially  when  the  breeze  is  light.  Yet  even 
anmng  those  birds  l>e8t  able  to  produce  those  decomiwsitious  of  force 
approaching  theory,  the  sweeps  are  only  exactly  concentric  in  the  sole 
case  when  there  is  no  wind;  while  he  is  awaiting  the  vivifying  cur- 
rent the  bird  simulates  the  circling  rise,  be  still  sweeps  around  to  sus- 
tain himself,  but  be  gains  no  elevation.  This  action  almost  always  de- 
cfives  the  observer,  and  leads  him  to  t>elieve  that  tbe  bird  is  rising 
unless  they  are  both  placed  on  the  same  level. 

It  U  not  well  however  to  ascribe  undue  importance  to  the  varying 
effect  of  the  wind  on  the  feathers,  front  and  rear,  and  to  rely  on  tbis 
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ax  ii  Hole  explauatioii ;  the  problem  coDtaiun  niiiuy  luure  eleiueuts. 
Tlie  variations  in  the  amount  of  win^r  Borfaces  nnfoUled  to  the  ivinil, 
in  the  different  portions  of  the  circles  described,  the  variatious  in 
speed,  aod  the  shiftiDg  Id  position  of  the  center  of  cavity  of  the  bird 
are  all  of  them  factors  to  be  taken  into  account. 

The  bird's  elevation  is  gained  by  the  skilfall  ntilization  of  all  tht^ie 
elementK,  and  by  the  happy  ase  of  a  number  of  casual  circumstam-es, 
beginning  with  those  of  ascending  currents,  ^rhich  have  been  so  much 
discuRsed  of  late,  but  which  are  not  to  be  reckoned  upon  as  a  steady, 
sole  cause,  and  ending  with  the  ntilization  of  tbe  coming  puff  of  wind, 
which  the  bird  takes  advantage  of  by  breasting  it  at  the  best  angle  of 
incidence,  just  at  the  right  moment;  linally,  and  especially,  by  the 
difference  in  length  of  coarse  while  sweeping  with  the  wind  or  against 
it,  the  latter  being  shorter,  and  tbe  difference  being  mote  marked,  iifi 
the  rise  becomes  steeper. 

The  advantage  obtained  in  rising  on  circling  sweeps  is  easily  ob- 
served and  understood,  yet  it  must  be  confessed  that  there  is  a  weak 
point  in  tbe  analysis,  an  insufficient  explanation.  This  pertains  to  the 
stage  when  the  bird  is  going  with  the  wind.  Is  the  acquired  momen- 
tum, the  velocity  necessary  to  support  the  bird,  sufficient  to  account 
for  the  subsequent  plieiiomenaT  I  scarcely  think  so,  and  I  feel  that 
the  e?cplanation  is  not  absolutely  correct,  for  observation  shows  that 
there  is  often  eomplete  arrest  of  motion.  In  any  case,  whether  my 
analysis  be  good  or  inadequate,  the  circling  sweep  is  much  practiced 
by  birds,  and  observation  indicates  that  it  is  the  maniBUver  which  af 
fords  easiest  ascent,  for  it  is  the  process  always  employed  by  the  sail- 
ing bird  when  there  is  a  minimum  of  wind. 

While  still  lacking  a  clear,  conducing  explanation,  we  may  hold  b> 
that  above  given  provisionally.  Relj'ing  on  the  instinct  of  the  birds, 
we  may  without  risk  accept  tbe  usefulness  of  the  sweeping  circle. 

Instead,  a  maun'nver  which  supports  analysis,  and  which  is  easily 
understood,  is  that  of  direct  ascension  against  the  wind,  either  by 
drifting  back,  which  is  an  easy  feat,  or  vertically,  which  is  more  difB 
cult,  or  even  while  advancing  against  the  wind,  the  most  diflicnlt 
of  all. 

When  we  note  the  correct  angle  of  incidence  presented  by  tbe  bird, 
the  nc^justment  of  his  surfaces,  nn4l  his  skillful  utilization  of  the  vary- 
ing velocities  of  the  wind,  advancing  fom'ard  in  the  calm,  and  ast-eiid- 
ing  ou  the  increased  velocity,  we  understand  bis  mantenvei-s  and  liDil 
liis  solution  of  the  prohleni  easy  to  follow. 

Itut  we  remark  that  this  pailicular  process  of  rising  in  the  air  re- 
tiuires  that  the  wind  .shall  [Hissess  such  speed  aa  to  sustain  at  all  times 
an  nreoplanc  with  no  velm-ily  of  its  own,  while,  if  in  cin-ling  sweep, 
this  .same  ar«'opIanf  would  have  an  initial  velocity,  thus  enabhng  it  l" 
utilize  breezes  too  feeble  to  serve  in  direct  ascensions. 

We  must  never  think  of  tlie  wind  as  a  regular  current  of  air— we 
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wouM  greatly  err;  :Ut«utivt)  iil»Hri'Viitioii  of  bird  Uiglit  demoustrates 
ttie  constant  rei-tiTreiit«  iif  irregular  ^sts,  not  oiil,\'  near  the  ground, 
bill  even  up  Ui  tbe  limits  of  the  \'iaible  atmosphere. 

Birds  certainly  possess  the  gift,  like  good  Hailors,  of  aeeing  the  noming 
gust  of  wind ;  the  eurling  change  of  color  on  the  water  indicates  to  the 
wtunan  the  approach  of  the  squall.  How  is  it  that  the  bird  perceives 
the  coming  guntt  It  may  be  difficult  to  conceive  how  it  is  done,  but 
ibe  foc-t  is  certain,  for  the  irregular  puff  is  often  utilized ;  and  yet  here 
a^n  is  a  basis  it  is  ootsafe  to  baild  on  overmuch,  for  the  heavy  soar- 
ing birds  seem  to  disdain  to  use  these  puffs  of  wind;  they  accept  them, 
tbey  store  up,  as  it  were,  tbeaecrniug  momeutuio,  but  they  never  trouble 
themselves  to  profit  fully  by  them. 

Ill  order  to  gain  a  sound  idea  of  what  is  going  on  in  sailing  flight,  to 
noderstaod  and  to  account  for  it,  we  must  separate  two  conditions  of 
wind  which  are  usually  confounded — the  regular  current  of  wind  and 
the  irregular  gust. 

It  would  seem  at  first  consideration  that  when  in  a  regular  current 
of  air  the  bird  sweeps  a  circle,  he  must  lose,  against  the  current,  just 
80  much  momentum  as  he  has  received  iit  going  with  tbe  wind,  plus  the 
frictional  losses,  etc.  Bat  we  have  observed  that  this  is  not  the  case, 
and  as  we  say  because  the  bird  breasts  the  wind  with  his  smooth 
cleaving  Khape,  a  shape  more  perfect  as  he  excels  as  a  sailer;  which 
I'leavittg  shape  differs  much  fi:om  the  rear,  which  liitter  is  arranged  in 
qaite  another  form  to  catch  the  wind  as  a  sail.  Xow  to  the  difference 
in  the  coefficient  of  result  upon  these  different  shapes  we  must  add  the 
effect  of  tbe  varying  angle  of  the  incidence  of  different  spreads  of 
King  as  velocities  change,  the  relative  short  course  against  the  mud, 
itnd  finally  that  mysterious  first  catise  which  we  call  life,  which  exhib- 
its marvelous  wondersof  equilibrium  of  rest  and  of  motion  and  governs 
tbe  active  jiart  of  existence. 

Yet,  as  I  said  before,  very  large  soaring  birds  do  not  seem  to  trouble 
themselves  much  to  utilize  all  these  little  accessories;  the  experts  in 
the  .art,  liaving  adjusted  their  surfaces  at  an  average  angle,  judged 
sufficient  from  their  experience,  do  not  readily  modify  their  attitude; 
tbey  know  there  is  small  profit  w  them  in  small  maniFUvers,  such  ax 
the  furling  and  unfurling  the  iriug,  to  nio<lify  the  extent  of  sustaining 
^tiirface  in  diSerent  portions  of  the  circling  sweep;  one  might  say  that 
they  adjust  their  areoplane  up  to  a  fixed  notch,  which  they  know  to  be 
practically  good, and  tmstto  the  wind  gust  for  material  uprise.  There 
are  probably  miunte  changes  in  adjusting  the  equilibrium  which  the 
telescoiie  does  not  disclose,  such,  for  instance,  as  movementof  the  bead, 
which  is  a  precious  balancing  pendulum  admirably  located;  there  are 
even  unconscious  movements  of  the  whole  IxHly ;  but  as  to  intentional 
changes  in  the  size  and  set  of  the  sails  (that  is,  the  attitnde  of  the 
innl'st  fiigbt),  they  may  remain  for  whole  hours  at  the  point  fixed,  with 
reasonably  st«ady  wind,  just  like  the  sails  of  ships.    We  must  there- 
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&KV  e\itniiiie  tlit;  problem  rui'tli«r,  and  Kt!«k  a  iiiui'e  tiatisttu^tury  Holutiim 
uT  tlw  circling  problem.  This  w«  shall  find  in  studying  the  effwu 
Itrwlaced  by  irregulav  t;iiHts  of  wind. 

The  wind  gnat  is  the  very  essence  of  the  upnse;  it  is  the  magic  vand 
which,  striking  the  child's  hoop,  keeps  it  upright  in  rolling,  drives  it 
along,  or  raises  it  up  to  overleap  elevations  on  its  way.  Suppose  the 
toy  to  l>e  plaeed  on  a  steep  inclined  decent;  gravity  will  cause  it  to 
roil  to  the  bottom.  If  beyond  this  an  ascending  plane  follows,  tfaehoog). 
HTged  forward  by  momentum  of  acquired  veloeitv,  will  rise  to  a  height 
«4|ual  to  that  of  fall,  minus  the  losses  by  friction  on  the  soil  and  byur 
resistance.  But  if,  instead  of  utilizing  gravity  alone,  we  accelerate  the 
hoop  with  the  wand,  it  will  run  up  much  higher  than  the  pmnt  it 
start e<l  front. 

Let  us  suppose  further,  when  the  hoop  is  about  to  ascend,  we  can  | 
displiH'e  the  lUicending  plane,  in  coutrary  direction  to  the  toy's  course. 
HO  that  the  plane  simll  glide  under  the  hoop,  then  we  would  Btill  mnif 
assist  tlie  aix'cnsion.  by  adding  a  supplementary  force,  independent  of 
tht^  tilhers,  and  whose  resultant  would  likewise  be  an  uprise. 

U»t  U8  now  i-e-consider  the  action  of  the  vivifying  current  of  air  njKiii 
the  bird. 

If  the  guMt  of  wind  ot-curs  just  where  the  bird  is  going  with  the  vjud. 
its  otlW-t  is  akin  to  the  blow  of  the  wand  on  the  hoop;  it  stores  op 
ouergy  and  wonomizes  descent,  hence  the  bird  jirofits  to  that  exteut. 

ir  the  gust  occurs  when  the  bird  faces  the  wind,  then  the  sastaining 
plane  is  gliding  beneath  him,  and  the  resulting  pressure  causes  him  lo 
ascend;  theritfore  again  protlt  results  in  an  uprise,  nowise  coDnectd 
with  antiH-edent  fat). 

II'  the  wind  gust  occurs  when  the  bii'il  is  on  the  quarter  sweep. 
fiii'ward  or  back  of  the  wind's  course,  it  still  exerts  contributorj-  rise; 
llici'O  Is  always,  in  each  case,  an  impulse,  a  thrust  from  foreign  sonrce. 
wlih'li  the  bird  protlts  by;  or  else  a  saving  of  acquired  momentnm. 
which  the  creature  transforms  into  uprise. 

Hut,  utter  all,  these  esplauations  avail  only  for  the  pnbHc,  curioos  M 
l(ii((W  why.  They  neither  corroborate  nor  disprove  the  facts.  Whetlitr 
w«  understand  and  matfaematically demonstrate  themechaniesof  sailiug 
lllKlit,  or  whether  we  fail  in  the  attempt,  the  result  is  the  same.  There 
roinalnH  always  the  demonstration  produced  by  the  Great  Master,  vh< 
til  Ills  wiwlom  has  implied:  "If  you  understand  it,  it  is  well;  ifyoudu 
liitl  understand,  'tis  to  be  regretted ;  but  in  any  case,  look !  that  is  the 
wiiy  'tlH  done!  I  exhibit  it  all  day  long,  not  in  a  dark  corner,  hnt  id 
IJif  Itlue;  and  if  yon  can  not  eventually  profit  by  the  lesson,  yon  vill 
I'Klilly  di-Hcrve  never  to  Joiu  me  in  the  skies." 

'I'litntiictHlbebinl;  he  demonstrates.     We  sh- the  demonstration;  and 

whiil.  inoie  call  we  do  with  a  formula  which  leads  to  no  resultT    Wbat 

-my  is  an  explanation  more  or  less  clearT    Can  tliere  remain  a 

H I II I  lie  fact  of  sailing  flight,  when  the  proof  is  evident  and  visible 
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every  day  t  The  bird  woiks  do  magic,  lie  dtMss  uot  viulatouatural  laws. 
U'e  have  oot  aayet  rigorously  explaiued  tlieae  multifarious  decomposi- 
tions of  forees  becaase  they  are  all  complicated  by  movement  and  by 
life;  but  they  are  demoustrated  eacb  instant,  and  tbey  constantly  invite 
03  u>  imitate  a  mode  of  motion  which  can  not  bo  beyond  our  attributes 
any  more  than  the  feats  of  eqaitlbrium  which  we  perform  uucoDScionsly 
every  moment  of  oar  lives. 

We  appreciate  well  enough  the  acts  of  walking,  of  leaping,  of  gym- 
nastics, of  the  velocipede:  have  the  manccuvers  which  maintain  their 
stability  been  calculated  mathematically  t  TSo,  they  have  not.  Our 
\-ital  instinct  suffices  for  such  action,  not  only  accurately,  but  with  all 
rapidity  required  by  the  need.  Thus  will  it  be  assuredly  for  that  remain- 
ing problem  of  equilibrium  which  resembles  the  others  so  greatly — the 
Hailing  on  the  wind;  for  man's  life,  that  wondrous  reservoir  of  uncon- 
scious science,  will  certainly  prove  equal  to  this  new  achievement. 

The  main  requirement  will  be  skill.  The  knowing  how,  and  when, 
and  why,  each  act  is  to  be  performed,  to  be  expert  in  all  possible  manotu- 
ven<  required  to  produce  various  results  or  to  meet  contingencies;  in 
fine,  the  man  must  thoroughly  know  bis  business— as  a  bird,  a  soaring 
bird,  just  as  be  knows  in  time  bis  business  as  a  swimmer,  a  skater,  a 
bicycle  rider,  an  acrobat — and,  in  short,  as  an  expert  in  ooy  gymnastic 


iSpeed  of  the  wittd. — For  the  sailing  birds,  the  wind  is  the  source  of  all 
good  gained  while  sustained.  No  wind,  no  aprise,  no  sailing  flight  pos- 
»bl« ;  therefore,  in  a  dead  calm,  they  are  all  on  the  perch.  Now,  what 
k-Mt  velocity  of  wind  can  support  and  upraise  tbe  most  expert  soaring 
birds  ♦ 

Observers  may  fancy  they  see  kites  and  vultures  aMcendiug  in  dead 
ralm.  "Tis  an  impossible  feat.  There  must  absolutely  be,  at  a  certain 
bt^i|;lit,  a  cuiTent  in  the  air,  i>flrhaps  indiscernible  to  the  eye,  but  nev- 
t^i'tlielesK  revealed  to  the  experienced  observer  by  the  bird's  manoeuvers. 

The  sailing  bird,  rising  during  a  calm,  generally  flaps  bis  wings  till 
hv  is  up  one  hundred  yards.  At  that  elevation  he  begins  to  circle, 
tartly  gliding  ]>artly  flapping;  then  he  diminishes  liis  Iteats  as  the  ele- 
vntion  increases,  and  finally  stops  tbcni  altogether;  this  proves  that 
tlie  air  is  motionless  only  near  tbe  ground. 

It  is  well  known  that  there  is  almost  always  a  strong  curi-ent  of  air 
»t  prominent  altitudes;  we  leave  the  valley  where  absolute  Ktiliness 
reigtis,  and  on  the  niountaiu  top  we  find  a  lively  brcexc.  A  light  zephyr, 
fnuiiiugtbe  spring-Ii'ie  day,  which  we  can  not  miscall  a  wind,  is  blowing 
however  a  hundred  yards  above,  some  twenty-two  miles  per  hour,  as 
proved  by  accurate  observations  made  by  myself,  by  means  of  bursting 
fire-wurks,  bombs,  whose  smoke  is  most  sensitive, 

When  tbe  wind  is  decidedly'  perceptibh'  at  the  kuiKuk^  of  the  ground, 
it  ereatly  exceeds  twenty-two  miles  an  hour  at  an  altitude  of  1,000 
IVet.    A  goo<l  wind,  a  fresh  sea  breene,  one  in  which  the  sailor  takes 
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in  iiu  reef,  )jut  kuupB  mi  eye  ou  Mh  nailn,  is  found  U>  blow  forty-fuiit 
miles  an  hour  1,500  tevt  up  above  tbc  sea.  The  great  North  vind. 
measured  by  the  transit  of  the  cIoud'M  shadow,  blows  from  67  to  89 
miles  per  hour,  while  a  violenf  "Kamsin"  at  a  height  of  500  yards  shows 
incredible  3pee«l. 

In  this  tumble  wind,  a  tawny  vultuiv  moving  with  it,  has  a  fng\t\- 
fiil  velocity;  in  a  luomout  it  has  traversed  the  field  of  vision,  say  (for  a 
bird  of  that  size)  four  or  five  mik-N. 

These  are  the  tempestuous  wiuds  whteli  expatriate  the  birds,  wliiili 
cause  the  ci'eatures,  after  a  day's  .jnumey,  tn  find  themselves  3,0110 
miles  fVom  their  own  }iabitat. 

These  enormous  \-el<K;ities  are  proved  by  uetual  ^^ts.  The  balliHin 
"Ville  d'Orleans,"  whieh  left  Paris  during  the  siege  at  11:45  p.  m.. 
arrived  nuxt  day  near  LiQeld  (Norway)  at  3:40  p.  m.  8ay  900  miles  in 
15  hours,  or  (>0  miles  an  hour.  The  balloon  lauuche<l  at  the  eoronatiou 
of  Na|H>leoi)  I,  travelled  during  seven  con8e<!utive  hours  at  a  fl|ieedot 
about  90  iniles  an  hour.  During  a  long  suiuiner^s  day,  say  18  hours.  ;i 
bird  swept  away  by  such  a  euri-ent  of  air,  and  rowing  in  theMauw 
direction,  might  travers  l,8U0milesr    -     -     - 

What  splendid  journeys  a  iiowcrful  wind  might  enable  man  to  make 
ifheooidd  navigate  the  air!  But  let  us  entertain  no  illusions;  it  will 
be  the  aceident.  not  the  rule.    -     -     - 

Let  us  now  consider  every  day  winds,  those  of  moderate  velocity,  j 
Observation  indicates,  by  comparing  birds'  progress  with  that  of  rail- 
way trains,  that  the  slow  flyers  go  at  most  aS  miles  ao  hour,  awl 
that  birds  well  endowed,  such  as  the  turtle-doves  and  the  large  sailing 
birds,  in  ftiU  Sight  through  space,  get  over  some  37  miles  in  the  hour. 
So  tbaU  for  general  use,  we  may  assume  a  speed  of  a  little  over  a  niilf 
in  two  minutes,  as  a  probable  achievement,  if  man  sails  od  the  wIimI. 

If  the  problem  can  be  worked  out,  if  the  skill  be  acquired,  thisiH  tlic 
rate  of  trauslatiou  mail  may  exjiect  to  compass,  less  perhaps,  rather 
thau  niorv.  Rnt  it  is  a  fair  promise,  lie  may  journey  300  to  400  uait^ 
iu  the  day  of  10  hours,  with  no  ex{>euditure  of  imwer  whatever,  for  tk' 
wind  will  do  the  work. 


Vrlantg  of  tkv  bird. — The  speed  of  the  bird's  trauslatioii,  considered 
gi>uerHlly,  e^peciiUly  for  sauling  birds,  is  composed  of  the  bird's  vr^ 
hn-ity  with  that  of  the  wiud.  With  flapping  biids  the  case  is  differeot. 
and  the  sikhhI  r«t>uUs  from  three  factors:  the  speed  of  wind,  tte  theo- 
ivtical  speed  of  the  bird  (which  is  to  be  estimated  as  if  he  were  !i 
sidler),  and  the  a^lditional  sj^eed  pro<luc«Ht  by  personal  exertion.  This 
hitter  s)MH>d.  already  obje^-t  of  many  experiments  withiu  doors,  and  of 
nNtnis of  calculations,  nowix'  inten'sts  the  obser%er  who  watches  tbe 
sailing  bittl  in  all  the  simplicity  uf  itt;  flight.  We  therefore  will  con- 
sider onlj-  the  lesstin  \,\  U-  le:irue<l  tt\mi  pnu-tical  perfonuaaees. 
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To  Dieuaure  »ccurat«ly  the  spued  of  ttanHlation  of  tlie  bird,  we  can- 
not survey  liiiii  in  the  air,  for  we  liave  no  reference  points.  It  i»  to 
Om  bii'd^H  shadow  iiima  the  ground  that  we  tnnst  direct  our  attentiou. 
This  shadow  in  eiittiiy  followed  by  the  eye;  it  may  be  gauged  by  the 
gpeeii  of  a  htirse,  of  a  chaiure  donkey,  a  dog,  a  carriage,  or  a  railway 
Iraiu;  and  tlia»  we  get  nure  data  aud  trustworthy  iioints  of  corapari»on. 
For iiistnutivc  observation  it  is  well  to  study  uiauy  models,  and  to 
live  close  to  theui. 

For  i»8tanct^  as  1  writ*  these  Uiu-s  two  families  of  domesticated 
ravens  are  within  a  few  yards,  awaiting  for  the  food  I  am  aboat  to 
throw  to  tlieiu.  On  the  mosque,  in  firont^  my  pet  kites  are  i>erched, 
waiting  niy  appearance  to  plunge  towards  me,  at  the  lea«t  gesture  I 
iiiuy  simulate  of  easting  meat  to  theiii.  Thus  I  can  closely  view  this 
expert  at  full  8i»«ed,  for  there  ai-e  two  of  tliein  wldch  snatch  their  pit- 
tance from  my  hand. 

There  are  ^-ndless  battles  between  ravens  and  kites  and  among  kites 
tliemselves,  and  battle  always  brings  the  performance  of  feats;  con- 
sUutly  does  the  kite  turn  over  back  downward,  this  being  a  favorite 
flghtiug  posture  with  all  the  eagle  tribe.  I  often  see  two  kites  lock 
claws  up  in  the  air,  clutched  fast,  and  thus  locked  spin  down  huu- 
<lredft  of  yards. 

When  a  great  wind  blows,  the  observataou  is  wonderfully  interesting. 
To  try  to  explain  these  complicated  movements  with  mathematical 
rormnhe  seems  a  farce,  Theii  mere  description  Is  difUcult  enough; 
bow  then  can  we  fasten  within  algebra's  rigid  rules  the  evolations,  the 
feats,  the  stratagems,  which  shift  with  each  wind  gust,  with  each 
fiiDcyT  It  is  like  an  attempt  to  calculate  the  foot  pounds  expended  by 
agynmastdoring  his  exercises,  or  the  thermal  uuits  utilized  in  a  strug- 
gle between  two  athletes. 

What  is  most  known  coucerniug  tbe  s|>eed  of  birds  is  generally 
vague,  for  they  do  not  lend  themselves  to  accurate  experiment.  The 
i^peed  of  flapping  flight  is  pretty  well  indicated  by  the  carrier  pigeons, 
who,  by  a  dead  calm,  cover  from  33  to  ^  miles  au  hour,  according  to 
Kjiecies. 

We  know  that  the  turtle-dove  flies  faitter  than  tbe  wood-pigeon,  its 
velocity  being  about  oO  miles  an  hour.  Ducks  and  teals  have  Greater 
swiftness  still,  but  it  is  diflScult  to  determine  how  much.  Moreover, 
tbe  eflective  8x>eed  is  governed  by  the  force  and  direction  of  the  wind. 
It  is  therefore  almost  impossible  to  be  exact  as  to  the  speed  of  flapping 
buds,  and  the  question  possesses  small  interest  for  him  who  thinks 
the  soaring  birds  to  be  the  true  model  to  imitate. 

The  sailing  birds  aSord  an  occasional  chance  of  measuring  their 
Kpee<l  of  flight,  which  naturally  varies  with  tbe  wind,  but  which  always 
illuHtrates  the  advantage  of  mass.  There  often  is  a  race  between  three 
birds  <if  dift'erent  size;  the  tawny  vulture,  the  Egyptian  vultuw,  and 
the  kite.  ,-.  I 
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Neat  till!  "  Abbassicli "  gate  at  Cairo,  amid  niountaiusof  putsbttrds, 
dead  animals  are  deposited  by  the  scavengers.  They  are  not  buried; 
tliere  is  no  need,  for  between  vagrant  dogs  and  rapacious  birds,  they 
are  eaten  ap  in  a  few  hoars.  As  soon  as  the  carcass  has  been  laid 
down  and  the  knackers  have  finished  skinning  it,  caroiverouH  birds 
appear.  They  pass  in  the  zenith  of  the  observer  and  arrive  at  their 
destination,  all  the  time  visible  through  the  telescope.  The  distance  is 
known,  and  only  the  time  need  be  noted  wliich  is  consumed  in  the 
jonniey. 

This  trip  is  pertbrmed  with  the  same  velocity  by  the  three  hirdii 
named,  but  the  force  expended  is  evidently  much  less  when  the  moan 
is  great.  The  actual  speed,  of  course,  varies  with  the  velocity  and 
direction  of  the  wind. 

As  a  final  result,  deduced  from  such  daily  observations,  X  think  that 

I  closely  approximate  the  fact  when  I  state  that  a  kite,  soaring  to 
survey  the  hunting  ground  beneath  him,  has  a  mean  proper  speed  of 

II  miles  an  bonr  when  the  wind  blows  also  11  miles  an  hour ;  this  is  the 
sailing  bird  which  seems  able  to  obtain  support  with  the  feeblest  cur- 
rent of  air.  The  tawny  vultures,  in  onler  to  rise  ou  such  velocity  of 
breeze,  need  to  unfurl  their  entire  jtossible  wing  surface.  For  them  it 
«eemB  that  the  wind  velocity  should  be  at  least  17  miles  an  hour  to  be 
jn  f^ill  accord  with  their  litculties. 

Effect  of  speed. — ^Theorists  frequently  set  themselves  this  problem: 
"What  is  the  power  required  to  obtain  support  in  the  airt 

The  lifting  force,  (ascensional  power  if  you  please  so  to  call  it),  is 
under  many  circumstances  so  slight  that  it  may  be  neglected,  and 
is  reduced  to  the  force  necessary  to  sustain  the  apparatus. 

In  soaring  flight  this  ascensional  power  is  only  indis]>ensable  when 
there  is  no  wind.  The  problem  would  be  better  stated  thus:  'What 
velocity  must  be  imparted  to  an  aeroplane,  bin]  or  machine,  in  order 
that  it  may  be  sustained  on  the  air  and  may  rise!  Now  for  this,  as 
for  all  aspects  of  this  problem,  we  find  a  solution  piwidwi  by  natoie. 

Birds  whose  pectoral  muscles  have  not  power  to  raise  them  bodily 
are  not  rare.  Sailing  birds  can,  unaided,  compass  but  little  rise; 
especially  the  very  large  binls.  A  tawny  ^Tilture  can  not  rise  20  ywds 
on  a  start  of  45°;  lie  can  not  rise  10  yards  \ertically.  So  this  king  of 
soarers  may  be  kept  a  prisoner  in  a  roofless  i-agc,  provided  the  sides  or 
walls  are  20  yards  high  and  20  yai-ds  apart.  Among  binis  with  nar- 
row wings  this  pecnliarity  is  still  ntore  marked. 

The  Swift,  this  wild,  darting,  rustic  inhabitant  of  the  air,  can  not 
rise  vertically  6  feet.  It  is  perfectly  caged  in  a  large  box  without  a 
cover,  and  yet  if  any  creature  is  tlioi'oughly  e(iuipi»e<l  for  flightitis  he. 
The  same  is  true  of  the  large  si-a  birds,  A  frigate  bird  is  impotent 
with  less  than  a  certain  space  to  i>erform  its  evolutions,  whereas  as  soon 
as  the  two  binls  I  have  named  have  itcquired  sptHMl.  or  are  lannche<l  in 
a  current  of  air  (which  amounts  to  the  same  thing),  they  become  forth- 
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vitli  one  the  dosbiiit;  awitt,  »ii<l  tlie  nrliei'  tlii>  tirt!li>s»  frigate  hii'd  atul 
this  tella  tlie  whok-  story. 

I  miiyji^re  forionlate  an  axiom:  So  upeed,  uo  liislit. 

I  once  bad  it  curious  problem  to  solve,  base<l  on  ch(^  above  principle. 
It  was  ye^rs  ago,  and  I  wan  in  Algeria;  so  far  as  I  now  rembember,  it 
was  ill  18G4,  in  the  spring.  I  alrcmly  understood  the  problem  pretty 
well,  and  with  a  li'  help  and  Ivetter  xiirroaDdings  I  might  have  suc- 
ceeded in  imitating  the  birds.  I  appreciated  the  possi tile  results;  per- 
haps the  French  collapse  of  1871)  would  have  been  averted,  the  Basao- 
Turkish  war  might  have  remained  iu  limbo,  nations  might  have  gained 
freedom,  or  Asia  might  have  invaded  Kiiro|ie  with  countless  throngs; 
who  knows!     But  why  Mpeeuhitet     Let  ua  leave  all  that  aside. 

I  was  saying  that  one  ttne  morning,  in  the  port  of  Algiers,  I  had  gone 
to  the  harbor  to  look  over  the  fish  caught  overnight.  This  vinn  my 
way  of  studying  the  dogfish  and  the  form  of  the  great  submarine 
Hwimmers,  etc.  There  I  ran  across  a  peddler,  who  instead  of  fish  had 
some  sea  birds  for  sale.  There  were  some  fifty  of  them.  I  did  not  at 
first  know  what  kind  of  birds  they  were,  hut  after  a  while  I  recognized 
them  to  he  "  procellariie,"  variety  Pu^ntw  kiiklii,  or  stormy  petrels, 
which  I  had  already  seen  at  sea,  but  only  afar  off,  ^\.9  they  were  cheap, 
I  treated  myself  to  four,  and  then  1  took  the  train  at  8  o'clock,  and  at 
to  I  was  at  home  on  the  plain  of  Mitidja. 

It  was  my  object  to  examine  and  measure  these  birds,  and  theu  tii 
net  them  at  liberty  when  I  was  tired  of  them.  I  therefore  deposited 
thein  on  the  water,  in  a  little  duck-pond,  neat  my  form.  Here  I  think 
it  may  T)e  well  to  give  a  short  descrii)tion  of  this  bird,  so  that  persons 
who  are  not  iu:tiuainted  with  it  may  fully  appreciate  all  my  mishaps. 

The  petrel  is  a  bird  about  the  size  of  a  small  hen.  By  referring  to  my 
table,  (The  Gutltype,)  p.  433,  it  will  be  seen  that  it  weighs  1.65  pounds, 
that  its  spread  of  wings  is  4.10  feet,  by  a  width  of  only  5  inches.  Thus  its 
e(|uipmeiit  for  flight  consists,  as  it  were,  of  two  drumsticks,  which  only 
permit  its  launching  forth  under  special  conditions.  We  may  form  a 
lair  idea  by  imagining  u  pullet  equipped  with  two  fiat  rules,  such  us 
ilraughtsihen  use,  inlieiiof  wings.  The  legsare  long,  delicate, and  feeble; 
the  feet  ai-e  webbed.  The  bird  can  scarcely  walk;  it  nins  8  or  10 steps, 
then  stops  as  if  fatigued. 

My  four  birds,  set  on  theiK>iid,  did  nothingin  particular;  they  seeuietl 
to  have  no  notion  of  taking  flight.  I  took  up  one,  the  weakest  one,  and 
1  threw  it  into  the  air  sufliciently  high.  It  undertook  to  fiy,  ciaMlied 
a);aiust  a  wall  and  knocked  its  brains  ont.  1  nas  vexed;  1  took  a 
tecond  binl  and  carried  it  upstairs;  to  the  first  fioiu-.  This  second 
bird  was  sick;  it  fell  so  stupidly  that  I  allowed  the  dog  to  strangle  it. 
So  I  took  a  third,  and  I  took  my  oath  that  day  to  see  a  stormy  petrel 
in  full  flight.  To  bring  this  about,  I  went  to  the  top  of  my  observa- 
tory, which  was  several  feet  higher  than  the  peak  of  the  roof.  Thence 
Ilatmehed  the  creature  into  the  air.  That  [mor  devil  of  a  binl  hiwl  no 
II.  MiH.  Ill 1:7 
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better  luck  than  the  others;  he  flap|>ed  hia  wings  vigomuBly,  Bhikiug 
downward,  and  ja»t  aa  I  believed  him  to  be  fairly  under  way,  he  struck 
a  post  and  broke  a  wing. 

1  must  own  that  I  was  not  pleasetl  with  luy  purchase,  and  there  tras 
good  reason.  To  Rpend  good  money  in  conferring  liberty  on  captlveB, 
to  rack  my  brain  about  them,  to  carry  them  uptothe  roof  of  the  house, 
and  then  to  fail  fiat,  this  was  hard  luck. 

There  was  still  one  bird,  a  forlorn  hope.  I  had  got  it  into  my  head 
that  I  must  see  this  bird  in  full  flight  and  I  was  determined  not  to 
miss  my  aim  this  time. 

I  reflected  a  long  while;  at  laiit  nn  idea  strut^k  me,  and  hen-  was  the 
result. 

Less  than  a  mile  from  my  farm  there  was  an  oi«n  trm-t,  naked,  bare 
of  grasa,  fiat,  smooth  as  a  mirror,  ft  struck  me  that  these  conditioiut 
were  somewhat  analogous  to  the  surface  of  the  sea  in  a  calm. 

I  carried  thither  my  No.  i,  who  appeared  to  l>e  Just  as  stupid  ».t  hid 
three  prtnlecessors.  1  set  him  down  on  this  extended  area,  and  retired 
to  a  distance.  The  <reature  remained  squatted  down  for  a  good  while, 
then  he  turned,  with  his  beak  to  the  wind,  and  he  stretched  his  whigs. 
Then  he  showed  me  that  I  hml  refieiited  to  some  parjiose. 

He  started  running  and  beating  his  wings,  which  were  not  ham|>eted 
by  any  herbage,  and  ran  in  this  way  about  100  yards,  c^arrying  hii> 
weight  less  and  less  upon  his  feet,  and  Anally  all  on  his  wings,  but  all 
the  time  skimming  the  ground.  At  last,  with  a  single  bound,  catching 
the  wind,  he  rose  some  00  feet,  returned  towards  me,  and  as  he  glanced 
by  on  his  way,  I  thought  he  said  to  me,  "  Remember  hereafter,  oh !  mj' 
lireserver,  that  success  inflight  in  aUbmed  uponspeedJ' 


Eff^<t»  of  MaMK. — Among  birds  of  the  .same  sbiipe  and  same  masfrulm 
IHiwer  mere  diflVrence  of  weight  produces  effects  '<iuite  varied,  ami 
yet  all  of  a  piete. 

Let  us  note  how  a  difficult  exercise  is  performed  by  the  eagle,  hy 
the  falcon,  and  hy  the  lark,  all  three  being  iierfectly  comparable  as  U 
their  construction. 

The  eagle  remains  motionless  in  the  air,  on  rigid  wings,  using  only 
his  tail  to  balance  himself;  he  is  as  fixed  in  space  us  if  spiked  to  the 
sky.  Tlie  falcon  also  remains  at  a  fixed  i>oint,  bnt  he  beats  his  wings; 
while  the  lark  cannot  perform  this  maneuver,  under  the  same  atuios- 
pheric  conditions,  without  painful  effort,  as  it  is  constantly  carried 
away  by  the  wind. 

This  law  of  disproi>ortional  aptitude  for  flight  t>etween  ttie  smaller 
and  the  larger  binls  constantly  deceives  the  eye  and  confoses  the 
data  gathered.     An  aetual  example  will  exhibit  the  law. 

The  quail,  which  everybody  knows,  is  an  especially  heavy  bird.  It 
flies  with  gieat  ett'oit.    It  is  a  iimnd  ball  with  two  small  wings  which 
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barely  soBtain  it.  Tet,  actually  measured  anil  weighed,  it  presents 
the  followiag  surprising  results: 

it  weighs  only  0,92  ponnd  per  square  foot  of  sustaining  surface, 
body  and  wings,  and  this  is  less  than  the  Hamingo,  which  weighs  1.66 
pounds  per  equare  foot  of  surface,  and  yet  this  rosy  wader  is  generally 
thought  of  as  a  mere  pack  of  feathers.  Or  than  the  pelican,  which 
weighs  136  pounds  i>er  square  foot,  and  which  tlies  very  well-  Or  thau 
the  stonny  petrel,  which  weighs  1.17  pounds  per  square  foot,  and  must 
depend  upon  speed  for  a  liviug.  Or,  it  will  not  be  believed,  the  quail 
weighs  actually  less  than  the  tawny  vulture,  which  weighs  1.47  pounds 
to  the  square  foot  of  surface,  and  yet  floats  for  whole  days  without  a 
Riugle  flap.  And  yet  how  badly  the  poor  quail  flies!  Its  usual  course 
is  200  yards,  and  it  is  then  outflown,  it  pants  for  breath. 

From  the  comparison  of  the  rates  existing  between  the  weights  and 
the  surfaces  of  the  birds  which  I  have  measured  and  inscribed  in  the 
tables  of  this  work,  I  may  deduce  a  general  law:  The  amount  of  pro- 
portiouate  sar&ce  required  by  a  bird  for  a  given  mode  of  flight  dimin- 
ishes as  the  weight  of  the  bird  increases. 

The  exact  proportion  is  yet  to  be  deduced  Itom  more  complete  tables 
than  those  which  I  present,  and  from  ezperimenta  to  be  made  upon 
the  sustaining  power  of  aeroplanes  constructed  npon  similiar  models, 
bnt  of  different  sizes,  and  loaded  with  ballast  until  they  produce  similar 
ratisfactory  results. 

The  exact  advantage  obtained  through  large  mass,  while  indicated 
by  my  tables  in  a  decided  and  regular  manner,  is  somewhat  difficult  to 
formulate.  The  manner  of  increase  of  the  volume,  in  relation  to  the 
containing  periphery,  certainly  cuts  a  figure;  it  in  a  fact^jr  to  the  credit 
of  the  larger  mass,  by  diminishing  the  relative  air  resistance)  this  is 
nDquestiooable.  iDcreasiiig  sustaining  surfaces,  on  the  other  hand, 
protliices  in«reah«ed  fi-ictioD  and  resistance,  but  the  gaios  and  losse.^  do 
not  increase  with  the  same  tactors,  and  hence  result  complications. 

We  might  reasonably  expe^rt  that  the  area  of  surface  required  to 
Nnstaiu  each  pound  of  bini  would  be  a  tixed  aud  definite  ratio;  any 
deviation  should  only  be  produced  through  gain  in  the  ratio  l>et\veen 
the  volume  and  its  enveloping  sni'face,  or  through  loss  by  increased 
resistance  and  friction  of  the  snstaioiug  surfaces.  And  yet  it  is  not  so. 
The  tables  I  have  constructed  show  that  things  are  very  diflerent:  they 
iodicate  enormous  discrepan^-ies. 

Thns  the  surface  of  3.62  square  feet  required  to  sustaiQ  one  pound  of 
bank-swallow  is  reduced  in  the  tawny  vulture  (which  fiie.'*  and  is  sns- 
tahied  at  least  as  well),  to  0.68  square  feet  per  {xtund,  a  variation  of 
five  times  and  more. 

If  we  seek  an  ex])lanatioii  for  this  phenomenon,  we  find  that  a  dis- 
turbing OAUse  always  brings  iidvantage  to  the  larger  mass;  it  is  f ho 
variation  in  the  coefficient  of  air  resistances  opposed  to  different  masses. 
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Contiuiiiug  our  study  of  tbe  effeotH  of  mass  u)>ou  tligbt,  we  shall 
iiotice  iu  the  tables  tbat  -.m  tlie  weigbts  of  birds  vary  between  lo 
grains  and  3.5  ounces,  the  peculiarities  of  tbeu:  flight  become  very  dif- 
ferent. From  3  ounces  ut)  to  10  ounces,  from  1  pound  up  to  2  itonndH, 
from  6  pounds  np  to  10  pounds,  and  up  to  16  pounds,  there  are  as 
inauy  steps  iu  the  increased  economy  of  power  and  support  in  the  air. 
So  it  seems  at  least  from  informatiou  furnisbed  by  the  experts,  by  the 
bii-ds.     -     -     - 

It  is  probable  tbat  the  benefits  to  be  derived  from  large  mass  con- 
tinue to  make  themselves  felt  beyond  the  weights  comprised  in  the 
tables,  and  that  up  to  sonic  2U0  pounds  the  law  remains  the  same,  or, 
to  express  it  in  another  way,  the  curve  of  variation  which  may  be  I'ou- 
structed  with  the  figures  contained  in  these  tables  would  coutiDue  in 
regular  sweep  beyond  the  |>oint8  observed.    -    -    - 

When  we  observe  the  sailing  flight  of  the  Nubian  viilttire,  whose 
weight  varies  from  17  to  22  pounds,  the  one  iistiiuishiug  thing  whivb 
strikes  us  immediately  is  the  great  steadiness  in  advancing.  When 
the  bird  has  set  his  course,  accidental  wiud-gusts  do  not  seem  to  affect 
his  great  mass,  which  appears  insensible  to  them,  and  which  continues 
its  m^estic  motion  without  disturbance.  An  aeroplane,  therefore, 
weighing  200  pounds  with  its  load,  ought  to  move  on  tbe  wind  with 
even  more  persistence  and  regularity  tlian  the  Nubian  vulture.  How 
will  it  be,  then,  when  from  200  pounds  we  pass  to  1,000  or  2,000  {vonnds 
in  artificial  flightf  We  may  rest  well  assnred  that  unsteadiness  and 
accidenta  of  the  flight,  under  equal  conditions  of  wind,  will  diminish  in 
a  still  greater  degree. 

For  weights  up  to  200  pounds,  intuition  furnishes  us  with  a  pretty 
sound  idea  of  what  manner  of  flight  we  can  get  on  the  wind ;  we  have, 
as  it  were,  bench  marks  to  refer  to;  but  when  we  shall  come  to  weights 
of  a  ton  or  so  we  know  scarcely  anjthing,  and  as  for  10  tons,  we  aru  in 
the  dark  unknown.  However,  until  the  contrary  be  proved,  I  shall 
believe  that  the  advantages  shall  continue  to  grow  iu  the  direction  of 
the  heavier  weights. 

EffecU  produced  by  nf/gregatioH  {in  Jtochi), — Observation  seems  to 
kIiow  that  birds  (whether  sailing  or  rowing  birds),  have  more  [tower 
to  jwnetrate  the  air  when  they  are  congregated  in  flocks  than  when  fly- 
uig  singly.    -    -    - 

It  is  a  fact  well  known  to  sportsmen  that  a  churgeof  shot  so  mmineil 
as  to  scatter  does  not  penetrate  as  far  as  when  well  rammed  so  as  to 
ai-t  iis  a  single  ball,    -    -    - 

Birds  must  know  this  property  of  aggregated  IkmIics,  for  they  fre- 
quently avail  of  it.  Thus  the  pamieriue'i  make  no  long  trausits  uuleiw 
grouped  in  close  order,  l>eginning  with  tbe  sparrows  whi<-li  have  a  vrell 
tixed  order  of  flight.  Pigeons,  ducks,  geese,  swan,  cranes,  etc.,  never 
travel  save  in  serried  ranks,  in  always  the  same  order  for  the  same 
si>ecies.    -    -    -  ,-•  i 
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Peiieatia  on  tlieir  travsU  iiTrange  tliemselves  in  tlie  fimii  of  ii  wedge, 
wliirh  fl'tim  a  diHtiiiice  simiilateH  tbe  piiiiit  of  >m  iirniw.  Tliey  iunv<- 
witli  ii  ciii-ioiiH  r4liiggi8hiie»fl,  and  with  the  regularity  «f  iron  mllinj; 
toitl  mucliinen.  These  euormoim  pnlmipe<le»  souictimes  nffoifl  a  most 
eiij,'roja*ing  Bi>e«'tacle.  I  remember,  one  day  upon  the  Nile,  to  have  seen 
a  flock  of  them  crtnte  sailing  out  of  the  nky,  dropping  from  a  height 
where  lirst  they  seemed  «8  swidloww,  alighting  within  200  yards  of  my 
boat,  ni>on  one  of  those,  islands  of  gelatinons  mud  pet'uliar  to  that 
river.  I  followed  iill  their  evolutions,  through  a  telcseope,  and  thi' 
s|tecta<-le  lastetlhalf  an  honr.  It  was  antonishingl  How  beautifnl  irerB 
these  great  birds  in  their  wheelin.rrit  among  the  clouds !  From  afar  off 
inie  could  hear  the  hissing  of  theii  wings  cleaving  the  air,  their  hoarse 
cries,  somewhat  like  the  'donkey's  bray,  and  even  the  slap  of  their 
great  feet  as  they  atniek  the  liquid  mnd, 

Tbf  three  Mupportn. — Kach  family  of  flying  creatures  presents  in  tin* 
nir  a  |)articnlar  aHpe4-t,  which  it  is  interesting  to  stndy. 

There  are  birds  with  long  anns  and  others  with  short  arms;  some 
liave  long  primary  feathers  and  otliers  have  them  short.  Home  1)irds 
have  long  narrow  wings,  others  have  them  thin  nnd  shoit.  ^ome 
wings  are  round,  some  an'  square,  terminating  in  Ave  feathers  of  equal 
length;  others  again  run  to  a  point  in  which  either  the  third,  tlie  sec- 
ond, or  even  the  first,  primary  feather  is  the  longest.  ■  ■  •  For 
what  particular  kind  of  weather  and  for  what  spe<'ial  iis4>s  nere  these 
wing  forms  intended  t 

When  nature  had  to  provide  a  large  bird  {and  we  need  only  concern 
onrselves  with  such)  with  wings  for  ra])i<l  flight,  she  made  these  wings 
ttmall  and  narrow,  and  provided  [Kiwerful  pectoral  muwiles,  as  witness 
tiie  docks.  When  the  bird's  success  in  life  required  it  to  move  in  high 
winds,  like  ocean  storms,  she  invariably  endowed  it  with  long  and 
narrow  wings,  to  avoid  Mction,  as  witness  the  gull,  the  mew,  the  gau- 
net,  and  the  albatross.  When  she  deterinine<l,  as  in  tbe  case  of  the 
eagle,  to  produce  a  powerful  creature,  to  create  a  grciit  hunter,  she  then 
endowed  it  with  her  best  gift«;  that  is  to  say,  with  the  aptitude  of  sail- 
ing indefinitely  without  fatigue  while  surveying  the  Aeld.  For  this  she 
gave  it  the  wings  of  the  sailing  bird,  and  to  thew  j()ined  ]H>werful 
motor  muscles,  so  that  it  might  flap  vigorously  in  case  of  need.  When 
slie  determined  only  to  provide  a  bii-d  with  the  faculty  of  remaining 
in  the  sky  without  fatigue,  she  endowed  it  with  two  things:  a  large 
mass  and  a  large  surface. 

Ah  for  other  binis,  lier  unfavore<i  children,  the  disiidierited.  she  made 
rowers  of  them,  and  they  drag  their  bmlies  through  the  air  by  main 
force,  flapping  and  fatigue. 

Let  us  now  inquire  as  to  what  relation  there  is  between  the  mode  of 
flight  of  a  hird  and  the  length  of  the  radius  and  of  the  ulna  in  pi-opor- 
tion  to  tbe  hand. 

Before  going  fhrtlier  we  should  remark  that  the  lengthening  of  the 
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forearm  coincides  with  tbat  of  the  arm ;  there  is  an  almost  constant 
relatiou  between  these  two  parts  of  the  wing,  bat  there  is  a  decided 
divergence  in  tlie  relation  of  these  two  parte  (taken  togettier)  with  the 
hand. 

Each  flying  family  is  proportioned  somewhat  differently;  thexe 
pecniiarities  should  be  ascertained  by  detuled  and  minute  nieaHnre- 
ments,  but  in  their  absence  some  general  remarks  may  be  made. 

We  may  cover  all  genera  of  soaring  birds  by  the  two  types  we  pro- 
ceed to  speciiy. 

(1)  Among  soaring  birds  the  general  posture  of  their  wingR  sit  ud 
acute  angle  of  about  100°  (the  summit  of  the  angle  being  the  beak) 
cniTesponds  with  the  shortening  of  the  arm  and  fore-arm,  and  the 
excessive  lengthening  of  the  hand.  This  torern  rapid  soiirers,  Huch  a^t 
swallows,  martinR,  and  in  lesser  degree,  the  kites,  flsh-hawkn,  ek. 
Let  ns  remark,  by  the  way.  that  this  kind  of  soaring  necessitates  a 
powerful  tail. 

(2)  In  the  extreme  opposite  type,  that  of  slow  soaring  birds  with  niiie 
wings,  the  angle  mostly  affected  is  abont  200^^,  and  sometimes  morr. 
and  here  we  notice'  a  diminution  in  the  length  of  the  band,  and  a  ^rivat 
development  of  the  arm  and  forearm.  The  best  type  of  this  genns  ii« 
the  vulture.     In  the  latter  genuH  the  tail  i»  generally  small. 

There  is  however  a  family  of  sailing  birds  with  narrow  wings, 
which  has  an  exaggerated  length  of  arm,  fore-arm,  and  also,  generally, 
of  the  hand.  This  is  the  family  of  the  Pelieanid<e,  contjtriaing  fonr  or 
five  genera  which  are  constant,  paradoxal  sailing  binU. 

The  tnipical  phipton  soars  wonderfnlly.  The  Egyptian  pelican  is  a 
charming  instance  which  i-an  be  i-lnsely  studied,  for  it  Ik  easy  to  s^' 
him  in  full  sail  over  the  water.  Rnt  the  frigate-bini  is  the  lu  pltu 
vltra  of  soaring  creation,  the  eke/^ramrre  of  nature  in  that  direction: 
in  this  bird  the.  lengthening  is  general,  the  arm,  the  forearm,  the 
band,  all  ai'e  of  enormous  length ;  therefore  the  creature  soars  fant  or 
slow  jnst  as  it  chooses.  It  is  perfect  of  its  kind  but  of  no  use  sa  a 
model,  for  man  can  not  imitate  it.  I^et  us  therefore  dismiss  it  in  tliiv 
essay. 

Thus  wo  have  reached  the  fact  that  the  two  extreme  ty|>es  of  soaring 
flight  are  the  martin  and  the  N^nbian  vulture.  The  first  jtresentn  it« 
wings  at  iin  acute  angle,  and  this  produces  instability  of  eqnipoiar 
reqniring  great  velocity,  just  like  the  velocipede  which  can  not  remain 
upright  unless  it  i.^^  in  motion. 

Vultures,  on  the  contrary,  can  spread  their  wings  at  a  re-eut#ring 
angle.  Tlie  two  wings  and  the  tail  then  furnish  three  {wints  of 
support,  upon  which  the  system  is  balanced.  The  relative  positions  of 
these  three  moveable  supports  govern  the  motion  and  the  speed. 
Therefore  the  variable  positions  of  these  three  supports  produce  all  the 
evolutions  of  those  avian  acrobats  which  have  been  termed  soarers  or 
sailers.     The  variation  of  the  angles  between  these  points  of  support 
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rovers  all  tbe  types  of  sailiug  flight,  and  prodaces  all  the  luautBUvera, 
liiiin  that  uf  absolute  immobility  in  tlie  »ky  to  tti»t  of  rertittnl  fall; 
from  great  velocity  to  the  a^itiial  stopping,  from  going  forward  to  going 
backward;  for,  from  a  theoretical  »tandiK>int,  backward  flight  or  back- 
ward gliding  may  he  considered  aa  feasible. 

VariouH  7nanauver8. — ^To  write  concerning  the  manoenvers  performed 
by  soaring  birdu  m  somewhat  like  attempting  to  descrioe  a  picture 
or  a  pie4'«  of  music  in  words, — the  best  possible  description  will  never 
be  worth  the  roughest  sketch,  or  a  line  of  notee. 

However,  as  we  can  not  rest  content  with  always  preaching  observa- 
tioD  to  those  who  can  go  where  tbe  birds  are  to  be  fonnd,  we  shall  try 
to  say  a  few  words  concerning  some  evolutions  of  sailing  winged  crea- 
tnresi  for  before  man  dare  trust  himself  to  any  apparatus,  however  well 
designed,  he  onght  to  know,  approximately  at  least,  what  may  be  done 
in  the  air  with  such  au  apparatus,  for  else  he  can  only  be  sure  of  the 
descent  to  the  ground. 

Birds  get  their  initial  start  in  many  ways.  For  most  of  them  this  is 
the  easiest  act.  Those  which  have  to  vanquish  the  greatest  difficulties 
are  the  Itu'ge  water  birds,  which  in  starting  from  water  or  ground  are 
compelled  to  run  a  long  distance,  using  both  feet  and  wings,  in  order 
bt  gain  the  si>eed  required  for  support.  This  applies  to  large  sea  birds 
with  narrow  wings,  and  in  general  to  all  water  birds:  sncb  as  tbe  geese, 
the  swans,  the  pelicans,  etc. 

The  rowing  bii-ds  simply  jnmp  into  tbe  air  tn  take  flight;  their  i>ec- 
toral  muscles  are  so  iiowerful  that  tbey  enable  them  to  get  support 
without  much  headway;  moreover  this  leap  ]iossesses  great  energy; 
this  may  be  realized  by  watching  the  leaps  of  a  large  passerine  bini 
depriye^l  of  bis  wing  feathers,  snch  as  a  nvven  or  a  magpie;  one  single 
leap  sends  them  np  three  feet. 

Tlie  smaller  the  bird  the  greater  is  this  initial  leap  in  projmrtion;  as 
witness  the  blackbinl,  the  lark,  and  that  life-spark,  the  tomtit.  Among 
the  birds,  tbe  strength  of  tbe  legd  follows  tbe  same  law  as  that  of  the 
pectitral  muscles;  it  increases  in  proportion  as  the  weight  diminishes, 
in  fact,  a  nightingale  or  a  sylvia  use  tbeir  wings  when  in  a  thicket 
only  as  an  aid  to  eqnihbriiun  and  as  directing  power. 

Tbe  ]>lovers,  certniu  scolopax,  tbe  tringas,  etc.,  get  into  flight  by  pre- 
vious running.  Tlie  larger  number  of  the  great  waders,  the  large  vul- 
tures, etc.,  also  get  their  start  by  running,  if  on  tbe  ground,  bnt  as 
soon  as  tbey  can,  they  abandon  the  running  steps  for  a  series  of  h>aps 
wltich  continue  as  long  as  tbeir  feet  can  touch  the  ground. 

Birds  of  i)rey  in  general  have  two  methods  of  getting  nnder  way. 
When  they  start  from  the  ground,  with  or  without  a  prey  (except  vul- 
tures), they  always  enter  into  action  by  a  leap  measuring  a  yard. 
When  they  are  on  the  ]>ercb,  being  always  at  great  heights,  they  sim- 
ply launch  into  spaci-  and  spread  their  wings  open  to  get  nnder  full 
motion. 
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t'liiiiiri;;  U'  ii  rest  is  always  a  »eriniiN  bit.-iiiu'ss  Ttir  a  largf  bml,  uiiil 
s«4-iii»  tnbet-oiiie  iiiuro  so  Miiilmaviui' tlioy  tint,  (■(>l1v^A)l.vHleylll»ll)^!(' 
to  face  tlic  wind,  and  thus  to  extiiitrnish  in  ))art  tlieir  velocity.  A 
|)it!:enn  without  experience,  alighting  with  tail  to  the  wind,  is  generally 
iipaet  and  tumbled  over.  In  a  state  of  nature,  a  wild  bird  knowing 
liJH  bintinesB  i)erfe('tly,  never  misses  nmkiug  a  safe  landiog.  When 
the  wind  is  high,  the  heavier  binis  of  large  surface  perform  wonders 
in  eoming  to  a  rest.  An  eagle  alights  with  incredible  lightnefui;  the 
shock  is  no  great^tr  than  that  due  to  a  4-iDch  fall. 

When  thei'e  is  no  wind,  the  winged  experts  who  disbke  t-o  bo  jarred 
adopt  another  way.  They  glide  upward,  the  steeper  the  slant  the  t>et- 
ter,  and  by  thus  opitosing  gravity  to  speeil  they  completely  extiiiguiitii 
the  inertia  of  tboir  motion,  rising  as  liigh  as  may  be  reqniivfl  before 
inming  to  rest. 

When  man  comes  to  experiment  with  au  atrial  apparatus  the  bird's 
mode  of  alighting  will  needs  be  studied  n  outranoe.  The  man  may  adil 
a  lot  of  em t)e.llisbn tents,  sach  as  elastic  nets,  beds  of  straw,  suspended 
<!ords  with  elastic  connections,  rings  lor  attiu^hinent,  wat^-ry  beds  for 
floating  machines,  etc. 

The  act  of  alighting  is  the  terror  of  all  winged  ereatnres.  There  i^ 
especially  one  class  which  dreads  (and  with  reason)  even  thf  smallest 
fall ;  these  are  the  waders.  Therefore  do  they  ]>osses8  great  propor- 
tional wing  surface,  which  perhaps  may  be  intended  to  allow  them  to 
(wme  to  rest  without  the  risk  of  breaking  their  long  legs.  Happy  are 
the  birds  which  alight  npon  the  water.  The  reader  doubtless  has  seen 
a  swan  come  down  to  his  liqaid  bed;  it  is  a  striking  spectacle;  they 
plow  deep  fiirrows  with  their  palmed  feet;  the  jets  of  water  and  titp 
foam  which  they  raise  with  great  fuss  attracts  attention  torcibly. 
This  is  the  niwle  of  coming  down,  simple  and  practical;  which  mau 
must  imnder  well,  and  try  to  imitate.     -     ■     ■ 

OBSEEVATIONS  OF  SIRDS, 

I  give  in  the  following  pages  some  data  concerning  birds,  whicli, 
althougli  scant  in  extent,  have  requii'ed  from  me  many  long  years  of 
hunting.  1  now  have  but  the  later  specimens;  two-thirds  of  those  I 
bad  gathered  have  i»erished  in  numerous  removals — they  have  been 
lost,  forgotten  or  abandone<l. 

It  is  not  enough  to  kill  a  bird :  this  must  be  done  under  favorable 
circum stances,  that  is  to  say,  we  must  have  two  things  which  are  uot 
always  at  hand— scales  to  weigh  the  creature  directly  after  death, 
and  appliances  for  measuring  and  calculating  its  surface. 

Birds  sold  on  the  market  in  the  towns  of  Europe  are  generally  unfit 

to  gather  data  fVom,  because  they  have  been  drawn  or  are  dried  up, 

and  the  exact  weight  can  not  be  ascertiincd.    Among  fifty  rare  binln 

'lich  have  been  sent  to  me,  only  three  could  be  utilized;  all  theotberd 

:ke<i  sometliing  or  other  and  bad  to  be  rejected.    One  of  the  Iatt«r 
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u'lirtii  ciirions  l)ii'il:  it  wiw  hrniigtit  Imiii  llir  Hlioa  (;ouutry  by  the  ev 
[iliii^r  Anions:  but  wlmt  could  I  <Io  witti  a  bundle  of  primary  featbers 
jiiid  11  lew  large  secondaneaT  I  <oiild  only  aay,  after  examining  them 
that  if  tb«s«'  were  feathers  of  the  frriffoii,  that  binl  tittains  au  estraor- 
ilinitry  Mi/e  in  that  region,  for  the  longest  fenther  wae  at  least  as  largo 
lis  that  of  the  eoiidor  and  was  39  j  inches  lonp.  11  may  have  belonged 
toil  great  unknown  vulture  of  ('entral  Africa,  the  existence  of  which 
lKUS]>e«;t  from  the  arcouote  of  Abyssinians.  If  so,  itmustbe  U|»on  the 
old  continent  the  analogue  of  the  harpy  of  the  Amazon  Kiver, 

1  wa»  in  possession  for  many  yeara  of  the  moxt  beautiful  eagle  which 
I  have  ever  seen ;  neither  Paris  nor  Oeneva  possessed,  to  my  knowt- 
edgi',  atiything  its  equal  in  figure  and  beauty.  Yet  I  can  furnish  no 
accurate  data  of  eagle  measurements.  I  have  killed  over  a  dozen,  and 
I  can  not  ]»resent  one  of  them  to  the  reader,  Flowever,  as  the  proverb 
gnen,  we  can  not  give  what  we  have  not  got:  so  1  give  the  best  infor- 
mation I  have. 

All  the  birds  I  present  were  weighed  when  fresh  killed.  As  to  their 
surface,  this  is  the  way  I  ]»r-iceed :  I  spread  out  the  bird,  back  down 
niinl,  iif»on  a  large  sheet  of  paper,  the  wings  lieing  streti-hed  out  into 
tli<'  attitude  of  their  tlight  when  there  is  no  wind;  this  being  set  down 
ill  the  tables  as  "wind,  0  per  second."  Sonietimea,  when  the  wing 
happened  to  be  stifl'  and  could  not  be  fully  extended,  the  attitude 
resembled  that  which  the  bird  assumes  when  there  is  a  light  breeze;  in 
sui'h  cases  it  is  umrkeil  on  the  table  as  "wind,  .1  meters  per  second" 
|I]  miles  per  hour).  Finally,  some  measuiements  have  been  made  with 
till-  binls'  wings  adjusted  as  when  they  sail  on  u  good  wind.  In  such 
(sw's  th^  ai-e  beailHl,  "wind,  U)  meters  |ier  second"  (22  miles  per 

llllUl'}. 

Once  laid  down  on  its  back,  well  atijusted  in  proper  altitude  of  sad- 
iiig  flight,  the  bird  is  made  immovable  by  weights,  these  being  plates 
»( lead  to  flatten  down  unruly  feathers,  and  two  or  three  large  masses 
if  lead  to  hold  the  wings  in  i>osltiou  and  to  counteract  the  contraction 
of  the  muM-les;  then  with  a  pencil  it  is  easy  to  trace  a  precise  silhou- 
rtte.  We  thus  get  the  total  piqje<rted  Hnrfa<'e  of  the  bird — wings,  tail, 
body,  head  and  feet.  Sow,  if  we  only  measure  the  surface  of  the 
wings,  we  would  err;  for  when  under  way,  all  parts  pierve  to  suppor, 
veight,  all  goes  to  form  an  ai'roplane,  being  more  or  less  effective,  ac. 
cording  to  its  sliajie.  Assuredly,  we  might  neglect  the  feet  of  the 
waders,  as  being  nothing  but  an  imiiediment  which  the  creature  trails 
Iwhind,  but  as  to  the  body,  there  can  !«  no  thought  of  ignoring  it,  for 
It  derives  much  support  from  the  air. 

\Vc  may  now  say,  simply,  that  this  givesus  the  surface  of  the  sluulow 
of  the  bird. 

lu  calculating  these  surfaces  we  must  proceed  with  patience,  many 
ngnres,  and  much  order.  There  are  a  dozeu  triangles  to  compute  and 
four  or  five  jiai-allelograuiN.     This  is  very  tedious  work.    We  pluck  up 
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conrage  with  botli  hanclK,  as  the  saying  is,  anit  wlieii  the  oi>enitii>n  is 
ended  we  tuay  auy  that  this  in  another  stake  plauted. 

When  the  weight  and  sarface  are  awertaitied,  we  next  ineasnre  tlie 
spread  of  the  wiugs  (alar  dimension),  and  the  mean  width  of  wing, 
whitth  two  latter  indicate  the  proportions  of  the  aeroplane  of  the  bird. 
This  relation  is  indicated  in  the  tables  by  a  aiiuple  proportional  trac 
tion,  0:1  for  example,  whicli  indicates  that  the  width  being  1,  the  toUil 
spread  is  5. 

In  addition,  I  set  down  the  amount  of  surfaee  necessary  to  carry  1 
gram,  also  the  weight  sustained  per  square  meter,  and  finally  tbr 
aggregate  surface  required  to  support  80  kilograms  (176  pounds).  Tlii.i 
weight  of  80  kilograms  corresponds  to  the  weight  of  a  man  equipped 
with  a  light  aeroplane.  The  figures  therefore  indicate  the  total  sur- 
face required  for  an  aeroplane  of  that  particular  type. 

In  onler  not  to  present  at  random  (alphabetically)  the  diSerent  kiniii 
of  birds,  they  are  grouped  according  to  their  mode  of  tlight.  This 
produces  strange  grou])ing8;  all  oiiiithologival  ruleM  are  boldly  vio^ 
lated;  the  charadrius  (plovers)  are  classed  without  hesitation  with  tW 
vanellns;  even  classing  the  accipiters  (night  birds)  with  the  passerioc* 
(sparrows,  etc.),  which  is  au  infinitely  more  grave  departure.  It  will 
thus  be  seen  that  similitude  hi  tlight  has  alone  been  Uiken  IWM^ount  of. 

The  Eail  type. — Under  this  head  are  comprised  all  the  birds  whicli. 
in  flying,  hohl  their  bodies  at  an  iDcIiiiat  ion  of  about  4o  degrees,  iuBtfad 
of  spreading  themselves  out  horizontally,  a  [wsition  invariably  a.ssnmnl 
by  the  other  birds.  The  maronethts  (rails),  the  ditft'rent  rails,  the  water- 
fowls, and  the  domestic  fowls,  here  conqxise  this  branch  of  flyers. 

The  turkeys,  the  guinea-hens,  the  canepetieres,  and  the  iR'Acockn  d" 
not  form  part  <il'  this  class,  becausi'  they  stretch  themstdvcs  nut  Ituri- 
y.ontatiy  when  in  full  flight. 

The  above  class  of  birds  (rails),  although  they  fly  but  rarely  are  some- , 
times  «!omi>eIled  to  make  long  journeys;  thej-  probably  then  ntiliie 
-strong  winds  of  good  sustaining  force.  These  great  air  currents  have  | 
indeed  a  power  which  human  instinct  does  not  reveal. 

During  a  sti-Ong  sirocco,  blowing  at  least  20  meters  per  second  (4."i 
miles  per  hour),  I  have  compelled  Kabyle  ixiidtry,  which,  to  Ite  sure,  tly 
somewhat  better  than  Kuroiiean  fowls,  to  tjike  extensive  flights,  dnriiw 
part  of  which  they  soai-ed  in  a  way  surprising.  The  gninea-henB  wcw 
by  this  violent  wind  sustained  in  the  air  with  an  ease  one  would  uevfr 
suspect  in  a  gallinaceous  fowl. 

Here,  methin'ks,  the  good  housewife  will  ask,  were  many  eggs  lai<l  ou 
that  day!  I  confess  that  this  did  uot  disquiet  me.  I  would  hnvr 
sacrificed  the  whole  harnyanl  for  such  a  beautiful  demonstration:  for 
after  all,  when  knowledge  is  sought,  we  must  do  sill  requisite  things  to 
arrive  at  that  knowledge,  even  to  the  sacking  of  the  poultrj-  yard,  if 
nee<l  be. 

My  ptMU'  pige<ms!  what  a  time  they  biid.     They  were  adjuste^l  in  a" 
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mrta  of  ways,  Theirwiiin«wereelipi>e<lshrtrt:  their  wings  wore  Ifiiirtli 
onwl  out.  They  xvere  made  Hemi-long,  narrow  itiid  long,  iiarmw  miil 
sl)oi't.  They  were  pieceil  out  witli  primary  feattiers  from  birds  of  prey, 
tliuTOiiKhly  fastened  on  with  ghie,  nitd  pressed  on  in  the  vise. 

This  is  what  liappciis  when  a  bird's  wings  are  altered;  when  tlic 
active  surfaces  are  chau^d  in  extent  and  fonn,  the  creature  beiiij; 
ni'cnstomed  to  apartienlar  modeof  flight  starts  ofi' in  Lis habitnnl  man 
ner;  but  his  organs  are  no  longer  adapted  to  produce  their  cnstoniary 
etfects,  they  are  shaped  to  produce  diJTerent  effects.  Thus  the  hinl 
finds  Itself  witli  habitudes  and  instincts  for  one  mode  of  flight,  ami 
with  a  new  arrangement  of  featiiers  adapted  to  another  mode.  Tlie 
latter  constantly  impresses  him  with  the  necessities  <>f  the  moment, 
and  these  necessities  compel  him,  willy-nilly,  to  fly  as  flies  the  otiicr 
type  of  bird  which  has  beeu  forced  upon  him. 

Thus,  a  kestrel  falcon^  a  goo<l  soarer,  who  bad  bit*  nest  near  my 
observatory,  hasjust  one-half  in  length  of  his  primary  feathers  cut  fff: 
the  result  was  forcibly  to  transform  him  into  a  rowing  bird.  I  reatorwi 
him  to  liberty,  and  as  he  remained  on  his  hunting  ground,  I  had  even- 
opportunity  to  observe  him.  Although  nmch  hampered  the  bird  was 
not  very  unhappy;  the  prey  sometimes  escaped,  but  he  madeupf«r 
what  he  had  lost  by  increased  activity.  He  wsseasily  singled  out,  fot 
the  mutilation  gave  him  an  unusual  figure;  his  long  tail  seeming  louger. 
now  that  it  was  not  accompanied  with  two  long  wings,  and  itattraclel 
attention  ftom  afar.  And  so  he  had  to  row  constantly.  Once  in  a 
while  be  would  try  gliding  In  the  old  fashion,  but  as  he  found  litinself 
dropping  too  rapidly,  the  instinct  of  necessity  for  support  compellal 
him  again  to  beat  the  air, 

1  have  transformed  kites  into  stormy  petrels  by  clipping  oif  half  the 
width  of  tlie  wing  for  its  whole  length,  and  abolishing  the  tail.  Tlii' 
result  was  to  compel  them,  notwithstanding  their  habits  of  soaring! 
upon  light  winds,  to  await  instead  the  brisk  winds  which  alone  could 
sustain  them  without  fatigue. 

As  will  be  seen,  to  succeed  in  such  observations  we  must  absolutely 
control  the  bird  and  have  him  at  command.  Experiments  with  incrpascd 
surfaces  did  not  succeed  as  well;  I  tried  them  on  pigeons,  and  on  t^o 
kites  who  were  old  neighbors  of  mine.  I  only  succeeded  in  producing 
birds  wbicli  were  exceedingly  awkward  in  their  movements.  I  ought 
to  have  practised  upon  a  goas-hawk,  but  how  could  I  have  afterwanis 
observed  such  a  mere  bird  of  passage,  whereas  the  kites  a  have  fljeJ 
habitat,  they  are  well  recognized,  so  that  if  there  is  an  important 
feather  missing  in  one  of  the  kites  in  your  neighborhood,  you  on 
recognize  him,  single  him  out,  and  consequently  observe  him. 

The  Hawk  type. — These  are  here  separatetl  from  the  great  family  ^ 
binls  of  prey,  because,  nithougli  iliey  are  raptores,  there  are  between 
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its  wings.    Cbaoges  of  plane  agaiust  the  air  which  cliange  the  directioii 

of  its  flight  with  incredible  celerity.    No  other  flying  creatnre  has  tliis 

Kiflt  equally  developed. 

With  what  astouiBbmeDt  is  the  flight  of  this  enormous  bird  beheld 

I     iiuder  the  trees!    Nosuch  dexterity  can  be  re-called.    Theobserver's  habit 

being  to  see  birds  generally  proceed  in  a  straigbt  line,  it  renders  tbe 

flightof  the  great-eared  owl  fairly  stupefying;  it  seems  at  every  mo- 

nent  as  if  it  were  aboat  to  dash  against  a  tree,  and  yet  every  obstacle 

1    is  avoided.    It  flashes  silently,  horizontally,  or  even  verticially  through 

,    iipaues  where  there  would  seem  to  be  no  i)a88age;  and  this  is  done  with 

I   absolute  mechaDical  precision,  without  hesitation  or  slackening  of  npeed. 

i      This  is  truly  the  most  extraordinary  mode  of  flight,  but  it  is  a  rare 

xiglit  even  to  dwellers  in  tbe  country. 

Tha  QuUtype. — This  genus  teaches  one  thing,  namely,  that  in  order 
til  hoTer  or  to  |>eDetrate  in  great  currents  of  wind,  the  resistance  of  the 
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iiTopIane  mast  be  reduced  to  a  minimum.  The  spread  of  wing  is  of 
less  consequence  than  its  width.  When  we  think  of  it  this  is  rational, 
but  it  must  be  confessed  that  nature  did  well  to  demonstrate  it.  for  it 
was  a  difficult  deduction  to  get  at.  The  table  shows  that  in  this  tyjie 
tbe  spreads  of  tbe  wings  is  from  6  to  10  times  their  width. 

The  albatross,  which  is  not  included,  must  greatly  exceed  this  pro- 
portion, for  travelers  mention  some  16  or  17  feet  as  the  extreme  spread 
of  wings,  and  as  Its  width  is  »t>out  10  inches  we  have  for  this  bird  a 
I'roportion  of  about  20  to  1. 

This  teaching  is  of  great  importance,  and  should  be  borne  in  iiiiud 
iu  the  design  of  feroplaue^  with  adjustable  surfaces,  ^,,.^^_,. ,.  GtlCW  Ic 
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Teal  and  puck  type. — These  birds  are  the  represeutatives  (if  rapidity 
in  Sight.  They  Hap  to  exceus,  supplied  witli  carbon  aK  they  are  by  tlie 
heavy  layer  of  oily  fi»t  -which  covers  their  pectoral  mustrles.  This  is  the 
type  Ut  imitate  for  aviatioa  with  motors.  These  birds  afford  practical 
lessons  as  to  methods  of  gt^tting  uiKlei-  way  itnd  of  alighting,  both  of 
tbeni  poiDtM  of  capital  importance. 

These  binls  need,  like  the  scolopax,  to  truverse  over  long  diatance.s, 
from  one  lake  to  the  next,  and  as  they  are  weiiponless  speed  is  their 
sole  safeguard.  It  is  enough  for  their  safety,  for  they  are  never  at- 
tacked in  the  air. 

The  eagle,  their  chief  enemy,  abandons  purpiuit  ax  noon  as  tbey  are 
i-ell  under  way. 

The  Pelican. — Here  is  a  wag  and  a  philosopher,  a  Kwitt  sybarite, 
monnted  on  two  great  wings. 

Where  is  his  nest  t  Wheuc*  does  he  come  to  us !  I  confess  I  hardly 
know,  I  merely  am  aware  that  we  see  a  good  deal  of  him  in  Kgypt. 
Great  Hocks  of  these  birds  are  found  on  the  iimndated  lands,  u[K>n  the 
the  Hareotis  and  the  Manzaleh  takes.  There  are  even  some  in  the  city, 
domeKticated.  1  bought  one  for  a  dollar  in  the  Mouski.  Every  year 
iheyare  i>eddled  in  Cairo  duiing  Novemt>er,  Det^^embcr^an*!  tfanuarw 


What  a  droll  creature!  1  had  two  of  these  for  my  personal  friends. 
They  were  more  ludicrous  than  will  be  credited.  But  1  must  abstain, 
for  if  I  were  to  begin  telling  of  waggish  tricks  of  pelicans,  I  never 
would  Ik^  done.  Ijet  humorists  treat  themselves  to  one,  and  have  no 
fear  of  his  bill,  which  is  <initi>  inofiensive,  and  they  will  have  their 
money's  worth  of  amusement.  lint,  dropping  the  humoristic  feature 
uf  this  channing  animal,  let  us  attend  to  his  tlight. 

Tlie  pelican  postiesses  a  i>eculiarity  in  his  structure;  it  is  an  exces- 
sive length  of  arm  and  fore  arm.  He  is  without  a  tail.  His  center  of 
oscillation,  or  the  limits  within  which  he  can  shift  his  center  of  gravity 
without  compromising  his  equipoise,  lies  witliiii  the  branches  of  that 
H.  Mis.   11-1 -JS  Gooi^lc 
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great  flat  ^  which  is  outlined  by  liis  extended  winga  and  Iiody.  This 
is  the  disposition  of  parts  which  gives  him  that  equilibrium,  length- 
wise, which  liis  rudimentary  tail  could  not  fainish. 

His  mode  of  flight  in  magnificent.  He  rows  but  seldom,  lor  as  suoti 
as  the  wind  permits  he  becomes  a  saiUng  bird. 

The  eflect  produced  by  great  mass  is  always  surprising.  If  a  bird 
be  large  and  has  adequate  surface,  he  practices  sailing  flight,  as  wit- 
ness the  pelicau.  who  has  less  surface,  proiwrtionally,  than  the  teal, 
and  yet  soars  to  perfection,  white  the  other  only  rows.  The  t€al  m 
proportioue<l  at  1  gram  per  177  square  millimetres  (1  pouud  for  each 
0.86  s<piare  feet),  and  the  pelican  at  the  rat«  of  1  gram  per  150  square 
millimetres  (1  )iouud  for  each  0.73  stpiare  feet). 

When  in  full  flight  be  does  not  strot<;h  out  his  neck  a  yard  in  troiit, 
like  the  goose,  the  stork,  the  swan,  but  he  curves  it  hack  like  the 
heron,  and  rests  his  head  gently  upon  his  shoulders,  which  attitude 
gives  him  a  i>eculiarly  graceful  appearance.  He  then  seems  bo  luucb 
at  his  ease,  he  ap)>ear8  so  comtortably  posed  upon  his  two  immen^ 
wings,  set  nt  picturesque  angles,  that  once  well  launched  he  seems  to 
glide  through  space  without  the  least  fatigue. 

Of  all  the  large  birds  he  is  certainly  the  one  which  presents  thr 
most  elegant  silhonettfi.  The  great  vulture  is  rigid,  and  looks  as  if 
cut  out  of  tin  plate:  the  wwan  and  the  goose  have  an  attitude  as  if 
already  spitted;  the  eagle  is  stiff  and  all  of  a  piece,  but  the  pelican, 
notwithstanding  his  awkward  heaviness  when  on  the  ground,  becomes 
as  graceful  as  n  gull  once  he  has  mounted  in  the  air.  The  varied  atli 
tudes  of  his  wings,  the  great  length  of  their  arm  and  forearm,  oflei 
every  moment  new  asitects  which  the  evolutions  of  otiier  birds  never 
present. 

In  )>oint  of  intelligence  the  i>e1ican  is  among  birds  what  the  elephant 
is  among  mammals.  Like  the  latter  animal,  a  boundless  ctu'iosity 
attracts  hint  to  man.  The  doings  of  the  sovereign  of  creiition  interest 
him  profoundly.  The  attention  which  he  bestows  upon  all  moveroeut^ 
is  a  sure  sign  of  great  intelligence. 

He  will  not,  like  the  large  birds  of  prey,  morosely  assume  a  gloomy 
stat£  of  sulks,  beginning  with  his  captivity  and  ending  with  his  death: 
he  will  not  go  ci'ouch  in  a  corner  and  motionless  ponder  on  his  lost 
liberty — not  a  bit  of  it.  After  two  or  three  days,  if,  without  looking  at 
him  or  apparently  noticing  him  in  any  way,  you  are  occupied  in  doing 
something,  he  will  not  let  half  an  hour  pass  before  he  is  between  your 
legs,  the  better  to  observe  your  actions.  Kvei-y  now  and  then  he  will 
stretch  out  that  frightful  hill  of  his,  but  there  is  no  need  of  extra 
guard ;  all  there  is  to  do  is  not  to  draw  the  hand  back,  t>ccause  it  might 
be  cut  agamst  the  saws  of  his  mandibles.  When  he  sees  no  reply  t'* 
his  overtures  lie  will  become  almost  troublesome  in  his  familiaritiei): 
he  will  come  into  the  house  as  if  it  were  his  own,  he  will  pick  fleusoflf 
the  dogs,  he  will  purloin  a  shoe,  ho  will  make  way  with  a  hall  fioni  the 
billiard  table  with  an  air  of  [terfect  innocence;  and  he  will  not  eveu 
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cease  his  rascally  tricks  iit  tiiglit,  I'or  il'  lie  is  allowed  he  uill  ntay  up, 
like  the  haaiaii  biped. 

Ill  the  garden  or  yai'd,  yiiii  iDust  not  expect  him  to  &aternize  with 
the  other  iuiiiates;  ]ip  has  a  profound  contempt  for  these  weak-headed 
winged  creatures.  He  will  not  quit  the  neigiiboi  howl  of  man's  social 
gathering,  but  he  will  squiit  down  all  rolled  up  in  a  ball,  in  the  middle 
of  the  group,  rest  liis  bill  on  his  back,  and  from  this  vautage  ground 
his  intelligenteye  will  follow  every  gesture  and  every  word  spoken. 

He  imposes  himself  upon  luaii  as  his  compauion;  he  decides  that  his 
society  will  be  accepted,  and  as  after  alt  he  is  not  very  troablesome. 
as — far  from  beiue  repugnant — lie  is  dean  and  stately,  man  gives  io 
».nd  becomes  his  friend. 

We  have  yet  to  speak  of  the  pelican  when  in  possession  of  his  foil 
wiugM,  when  he  is  able  to  fiy;  for  np  to  this  we  have  only  described 
the  bird  whose  wings  have  been  clipped;  but  the  chapter  would  be 
endless.  I  will  only  add  this,  that  liis  familiarity  grows  with  liis 
wings.    Judge  then  what  it  becomes  when  his  plumage  is  complete. 

It  might  perhaps  be  possible  to  acclimate  the  pelican  in  Europe,  in 
full  liberty.  He  would  find  himself  so  expatriated  that  he  might  not 
attempt  t«i  escape.  Should  his  wings  be  allowed  to  grow  his  first 
trials  of  flight  would  not  permit  liim  to  think  of  undertaking  a  long 
Journey;  at  most,  he  might  visit  the  surrounding  country  the  first 
ye;u'.  Care  being  taken  to  keep  him  captive  in  September — the  [leriod 
ofmigratiou — we  might  in  a  country  wherein  hunting  them  was  pro- 
hibited treat  ourselves  to  the  curious  sight  of  the  evolutions  of  these 
great  water  birds  which  are  as  amiable  as  the  swans  which  we  have 
are  stnpid  and  mischievous. 

The  Sicaii.— There  are  two  cities  where  the  swan  is  easily  observed, 
Geneva  and  London.  The  foggy  atmosphere  of  the  Thames  does  not 
permit  of  keeping  them  in  sight  very  long,  moreover  tbey  look  very 
melancholy  on  that  foul  stream. 

To  observe  them  thoroughly,  there  is  but  one  spot — the  lake  of  (leo- 
eva.  There  these  beautiful  birds  are  quite  at  borne,  and  act  iis  if  they 
owned  the  whole  lake. 

They  build  their  nests  in  the  moats  of  the  city,  and  make  the  rounds 
to  beg,  or  rather  to  collect  their  daily  rations  of  bread,  as  far  as  Ville- 
neuve.  They  even  do  more,  they  follow  the  steamboats  and  dip  down 
to  gather  food  thrown  over  to  them ;  then  when  the  boat  lias  gained  a 
mile  or  two  ahead,  they  resume  their  flight,  catch  up  with  the  sbiji  aid 
settle  in  its  wake. 

Their  flight  is  a  composite  of  beats  of  small  amplitude,  alternated 
with  rectilinear  glidings.  They  do  not  wheel  in  circles  like  the  pelicans 
and  birds  of  prey;  they  alwaya  proceed  in  a  straight  tiue,  hUe  the 
ducks,  the  geesef.M|Aj^|yftMAUtdA  irhicb  have  but  little  proitor- 
tional  sarft 
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The  great  eareA-  Oirl. — The  great  eaiedow  I  is  a  •-iirioim  ereature,  aiid  a 
juunter's  bnish  would  better  describe  him  thao  a  i>eti.  Those  great 
boro-likeears,  those  large  yellow  eyes,  that  plumage  spottedwith  crosses 
and  drops,  the  Dolse  which  he  makes  whea  stiappiiig  his  bill,  which 
might  be  mistaken  for  that  of  a  crackling  bone;  everything  in  faict, 
even  its  attitudes,  give  it  a  satanic  air,  little  like  unythiug  in  this  world. 
Bnt  let  us  disregard  thiBiufenial  aspect^  and  examine  him  in  broad  day. 

It  ia  a  large  bird  of  prey;  its  talous  are  strong,  its  wiugs  are  power- 
Tul;  its  beak,  while  almost  entirely  liiddeu  beneath  the  hairy  feathers 
protecting  its  nostrils,  is  nevertheless  strong  and  with  a  force  not 
found  in  the  bill  of  most  diurnal  birds  of  prey.  Its  ears  are  very 
large;  we  see  at  first  sight,  that  in  consequence  of  the  enormous 
development  of  this  organ,  the  sense  of  hearing  must  exist  in  great 
perfection.  This  group  of  brilliant  qualities,  joined  to  a  reckless 
courage,  render  this  bird  an  animal  of  extraordinary  pow^r. 

The  great  eared-owl  might  dispute  with  the  eagle  the  empire  of  air. 
The  eagle  is  like  the  lion ;  he  has  the  noble  look  of  royalty,  whilst  the 
tiger,  which  has  only  a  brilliant  reputation  for  ferocity,  might  easily 
dispute  for  the  prey  should  both  meet  on  the  same  hunting  grounds. 


Fio.  S Tbe  timit  eiircil  Dirl. 

1*1  US  consider  the  bird  further,  for  we  are  confronted  with  a  re- 
markable creature.  His  bony  frame  is  robust,  his  feathers  are  like 
'"^^  of  all  nocturnal  birds,  of  velvet-like  softness;  but  this  soft  down 
Wvers  muscles  with  a  diflPerent  order  of  action  from  those  of  the  eagle ; 
™y  are  shorter,  quicker,  and  more  rigid  in  their  contraction;  the 
lever  arms  are  longer.  The  Hight  is  a  marvel;  it  is  excessively  compU- 
■^ed  in  action.  He  soars  perfectly  well  but  rarely  does  so;  he  rows 
'*8  a  pigeon,  and  possesses  moreover  the  fa*-ulty  of  stopping  suddenly 
,  ^**  at  fiill  speed,  and  of  glancing  off  in  another  direction.  This  he 
i  J'^'lo  avoid  collision  with  tree  trunks  at  every  moment.  The  flight 
niy  silent.  We  see  these  large  creatures  flash  under  the 
i  we  do  not  hear  a  murmur.    This  silence  results  from  the 
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cooformatioii  of  the  feathers,  wbicli  are  not  constructed  like  those  of 
diarnal  birds,  and  the  aliock  of  the  quillu  against  each  other  is  dead- 
ened by  an  esceedingiy  soft  down.  It  is  only  at  dawn,  in  the  spring, 
tbat  the  bird  is  to  be  seen  high  in  airj  then  an  occasional  couple  is 
seeu  wheeling  up  high,  but  as  the  day  advances  they  rapidly  come  down 
aiid  make  for  their  gloomy  dens,  where  they  remain  crouched  tQl  sunaet. 
One  evening  I  witnessed  the  setting  out  of  two  owls  on  their  hunt.  I 
had  climbed  with  ayonng  guide  to  a  cavern  high  np,  and  we  looked  down 
open  the  pine  forest.  The  day  was  dj-iiig  away.  We  were  sheltered  be- 
hind a  large  rocky  shoulder  which  hid  us  perfectly,  and  there  we  waited. 
Five  minates  after  sunset  an  owl  appeared,  as  if  by  enchantment, 
perched  on  a  rock  in  l^ont  of  the  cavern.  We  had  neither  seen  nor 
ieard  it  come.  A  few  instants  later  a  second  bird  appeared,  taller  and 
larger  than  the  first;  this  was  the  females,  and  it  was  huge;  its  height 
was  at  least  31  inches.  They  slowly  turned  their  homed  faces  from 
side  to  side,  then  one  awakened  the  echoes  of  the  valley  with  three 
piercing  notes,  and  yet  harmonious,  in  thefashiou  of  screech-owl  melody. 
The  voice  is  strange  and  impresses  much.  Then  the  male  descended 
to  a  rivulet  flowing  from  the  glacier;  the  femaltt  followed ;  they  drank, 
bathed  their  faces  a  little  and  re-as««uded  to  the  rock  where  first  we 
»av,-  them.  There  they  dried  tbemselveH  anil  smoothed  their  feathers, 
and  then  they  bt^gan  to  dance.  I  had  been  told  beforehand  of  this 
performance  and  it  had  been  described  in  terms  so  excessive  that  I  had 
riot  believed;  but  now  I  witnessed  the  most  grotesque  scene  which  can 
be  imagined.  Fancy  two  hut;e  creatures,  by  no  means  elegant,  springing 
into  the  air  alteniatclylikcjnmpingjacks,  snapping  their  beaks  by  way 
of  accompauiment. 

At  thim  extraordinary  sight  a  wild  guffaw  es<iaped  me;  the  shepherd 
put  his  hand  upon  my  arm  to  beg  for  silence.  1  looked  for  the  birds 
and  they  were  gone,  the  rock  was  bare;  they  flitted  away  as  silently  am 
theyeame.  I  visited  their  eyrie ;  therewas  scattered  aboutsome400or500 
ponndti  of  bones,  chiefly  of  the  hare,  of  tips  of  partridges'  wings,  and 
of  the  ball»  of  hair  rejected  from  the  bird's  stomach. 

I  possessed  a  couple  of  tiiese  birds  in  captivity.  They  were  the 
yonng  of  the  pair  I  have  Just  described.  During  the  ensuing  year  the 
httle  shepheni  took  them  from  the  nest  and  brought  them  tome. 

These  birds,  although  their  winj;  spread  is  nearly  ft  feet  across, 
Hew  perfectly  well  in  a  cage  16  by  40  feet.  They  went  in  different  di- 
rections, making  several  wliole  rounds  without  coming  to  rest,  while 
the  large  diurnal  birds  of  prey  in  the  same  cage  confined  themselves 
to  single  journeys  lengthways,  passing  over  the  space  with  tbree  noisy 
lieats  of  wing. 

TheHerontype. — Thistablecomprisesbirdspossessinglargesnataining 
Hurfacesin  proportion  to  their  weight.  Nowwhatisnature'sobjectin  en- 
flowing  them  with  envh  excens  in  tbat  direction  T  Itisprobably  to  enable 
them  to  soar  in  ciilm  weather  when  the  wind  is  light,  and  alwve  all  to 
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aligbt  witboiit  breaking  their  legs.  It  is  riear  liowover  that  tUey  arc 
hampered  by  tliiH  excess  of  surface ;  not  one  of  tliem  iu  remarkable  as 
a  flyer,  neither  &s  to  velocity — whicli  is  easily  explained,  nor  even  as  h 
permanent  denizen  of  the  air — which  is  more  extraordinary. 

They  are  in  fact  so  welt  equipped  for  sailing  on  light  winds  that  the 
sarface  resistance  destroys  all  the  other  qualities  when  the  breeze 
treshens.  It  is  only  when  the  weight  becomes  4  pounds  or  more  that 
the  mass  momentum  succeeds  in  overcoming  the  friction  of  the  air 
against  these  over-feathered  wings. 

The  birds  fir:4t  Dame<l  in  the  table  fly  as  unsteadily  as  the  butterfly; 
the  hoopoe,  the  armed  plover,  and  the  lapwing  can  advance  against 
strong  winds  only  by  completely  folding  their  wings.  This  deficiency 
diminishes  with  the  increase  in  weight.  The  ibis  flie»  better  than  the 
mttM  bemn,  and  both  are  distanced  by  the  storks. 


Fio,  t Ths  grey  Beton. 

We  find  proof  in  this  type  that  the  useful,  active  surface  of  the  wing 
lies  iu  the  hand  aud  the  forearm,  and  that  the  arm  remains  almost 
quiescent  in  flapping.  The  demonstration  is  palpable,  as  is  ever  the 
ca«e  in  nature.  The  feathers  of  the  humerus  have  been  simply  sup- 
pressed in  most  of  the  herons,  and  only  those  of  the  covert  remain, 
which  latter  feathers  are  merely  ornamental. 

The  kestrel  Falcon, — The  kestrel  is  common  in  France.  It  inhabits 
our  large  cities.  It  is  known  by  all  observers,  and  they  doubtless  have 
gathered  their  best  knowledge  from  itsevolutions.  Its  strength  is  great 
aud  it  always  rows  when  bunting;  but  when  there  comes  a  change  of 
weather  and  the  south  wind  sets  in,  then  the  creature  climbs  up  soaring 
into  the  sky  and  exhibits  its  talents  as  a  sailing  bird,  which  talents  are 
fnQy  as  great  as  might  be  exi>ected  from  its  mass. 

The  peregrine  Falcon. — A  rare  bird,  and  therefore  difficalt  to  study. 
An  astonishing  rower,  reaching  at  times  a  velocity  almost  nnique ;  the 
[Hgeou,  the  duck  are  then  greatly  out-distanced.     -     •    • 


442  THE  EMPIKE  OF  THE  AIB. 

It  soars  well,  bnt  only  when  at  leisure.  It  weigbs  1.32  pounds,  and 
it»  surface  amooiits  to  1.72  square  feet,  being  iu  the  proportion  of  1.3 
sqiiHre  feet  to  the  poaiid. 


Eagles. — With  the  fish-hawk  (Pimilion  flurialts)  we  reach  the  heavy 
birds.  We  Btill  find  a  binl  wbicb  beats  the  air,  but  already  the  re- 
snltH  of  inertia  are  manifest.  Wlien  the  mass  is  2  poands  or  more  then 
appears  a  steadiDesH  iu  flight  not  found  among  the  1-pouud  birds. 


'eirprlne  FiJioi 


The  small  eagles  of  Europe  and  of  Africa,  the  imiterial  eagle  with  white 
back  [Aquila  heliaca),  and  the  great  golden  eagle  (Aqvilu  ckrj/xai'tti) 
found  in  the  Alps,  all  have  the  same  modes  of  flight  Their  talentK 
us  suilini;  birds  increase  with  their  weight. 

The  necessities  of  their  existence  require  many  different  qualities: 
First,  they  must  be  able  to  remain  easily  in  the  air,  in  order  to  survey 
to  watch  a  possible  prey  for  whole  hours;  therefore  they 
ible  to  siHir  well,  and  this  they  do  to  perfection.  Once  tkt 
vered,  tliere  nee<ls  he  great  sjk^I  to  capture  it.  for  often  it  is 
id  a  dnck  Hies  very  fast;  or  it  is  a  hare  to  be  caught  on  tbe 
liis  is  not  at  all  au  ejisy  enterprise.  To  gain  this  great  apewl 
itilizes  gravity;  he  lets  himself  drop  200  or  300  yards,  awt 
he  velocity  so  ttcqnired  with  great  dexterity  to  catch  the 
tese  violent  hunting  exert  ions  in  4-atching  other  rapid  animals 
enormous  mus4-ular  imwer  on  the  part  of  these  birds. 
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A  few  eagles  are  to  be  found  in  Savoy)  they  are  the  Anest,  but  they 
are  rare.  Some  few  are  also  to  be  seen  in  Egypt.  From  time  to  time  a 
passing  bini  is  seen  with  an  unasual  figure ;  when  it  is  far  distant  one 
remembers  that  it  is  an  eagle.  In  Algeria  I  was  enabled  to  obserre 
tbis  creature  close  at  hand.  Id  winter  there  were  always  three  or  four 
stationed  some  200  yards  i^m  my  farmhouse.  They  were  hunting 
for  wild  ducks  on  a  drowned  meadow.  Sometimes  they  came  to  iu- 
spect  my  barnyard,  but  fh>m  a  distance,  as  they  were  not  well  re- 
ceived. Upon  the  whole,  they  kept  nearly  as  far  away  as  one  would 
desire  for  a  chicken's  sake,  for  it  does  not  take  long  to  pitk  up  a  fowl. 
There  is  a  tremendous  ontcry  from  the  roosters,  then  a  terrible  hissing 
and  scuffle,  and  an  unhappy  egg  producer  is  seen  aacending  into  the 
air,  strewing  her  featbers  by  the  way  during  her  dizzy  rise. 

The  tales  wbicb  are  told  of  the  eagle  letting  hia  prey  drop  when  a 
pm  is  flred  at  hiin,  even  when  beycmd  range,  are  perfectly  tine. 
Only  in  this,  as  in  all  else,  it  must  be  done  at  the  jiroper  ntoment.  I 
once  caused  the  experiment  to  be  tried  by  a  »iH>rtsinan  who  donbted 
the  fact.  He  ma<Ie  soch  haste  that  the  eagle  had  not  had  time  to  kill 
the  duck  before  letting  hiui  gr>;  the  result  was  that  tlie  eagle  went  one 
vay  and  bis  victim  another.  An  both  by  that  time  were  three  times 
beyond  range,  we  had  to  be  content  with  htoking  on. 

\ot  far  from  theiv,  grew  two  great  ash  trees,  where  often-  in  the 
spring  eagles  were  seen  in  pairs.  Here  it  was  that  occurred  that 
wondrous  tour  de /orce  of  rising  in  the  air,  advancing  against  wind, 
aa  obsen-atiori  of  prime  importance  already  describeil  in  a  preceding 
chapter. 

The  great  golden  Eagle. — Here  is  andonbtetUy  the  king  of  i.he  bii-ds. 
Re  possesses  strength  and  courage.  Having  no  enemy  liiK  equal,  he 
peacefully  passes  long  days  in  the  beiititnde  of  uncontested!  autocracy. 
Tbe  eagle  fears  none  but  man,  and  even  him  he  fears  but  little.  Brought 
to  bay,  he  does  not  hesitate  to  burl  himself  at  his  enemy.  In  captiv- 
ity he  is  at  first  exceerliogly  dangerous;  his  fcrociouK  temper  renders 
him  an  untamable  animal.  It  reijuires  great  skill  to  succeed  in  im- 
pressing him  with  fear,  and  moreover  he  must  not  be  excited,  lor  then 
be  will  fight  to  the  death. 

Nature  has  created  him  to  keep  down  undue  increase.  In  this  he  is 
like  the  felis  (tigers,  etc.),  the  squales  (dog-fish,  etc.),  and  the  e^tur 
(pike  et«.)  This  tyrant  of  the  air  is  abundantly  provided  with  all  the 
weapons  necessary  for  bis  mnnlerous  life.  His  arms  consist  in  eight 
talons  as  long  as  a  finger,  curved  and  sharp  poiut«<l  and  moved  by 
terrible  muscles.  His  much-hooked  beak  serves  him  to  carve  the  ani- 
mal perforated  by  bis  talons.  ,   ' 

His  wings  are  large  and  exceedingly  strong.  They  are  pre- 
eminently adapted  to  sailing  flight.  He  rarely  beats  the  air  unless 
there  is  no  wind,  or  unless  he  is  loaded  with  a  prey.  Pi'u  is  power- 
less to  depict  the  majesty  of  his  gait,  the  amplitude  of  the  immense 
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<;irde»  whicb  !ic  aweepN  in  the  air.  At  tinicK  In*  is  xltsoliitfly  motion- 
laai*.  HeiHexaminiug  the  field  or  watching  a  prey;  then  suddenly  hf 
<lrop8  himdredH  of  yards.  He  fall"  like  a  meteor  with  the  \'eIo<-il,v  nf 
bodieH  falling  through  spave. 

Tbe  speetl  is  niich  that  it  produces  a  sound  difficult  to  descrihe.  It  in 
not  like  that  of  tbe  bullet  or  of  the  cannon  ball,  but  must  be  heard  to 
get  a  true  conception.  Then,  when  within  a  dozen  feet  of  earth,  hiii 
wings'  great  strength  safely  checks  his  descent;  ami  tliia  at  once — in 
half  a  second — merely  by  expanding  his  wingR  to  their  full  spread. 

Eisskill  is  wonderful;  never  a  miss  makes  be.  His  eyes  are  excellent; 
lh>m  high  up  in  the  air  he  spies  out  tbe  rabit  hiding  in  the  thicket,  oi' 
tbe  inconspicuous  duck  swimmiug  among  tbe  reeds.  He  uses  his  talons,  ! 
tbe  anns  with  which  he  kills,  in  a  remarkably  skillful  manner.  In  cap- 
tivity, when  he  is  hungry,  he  catches  on  the  fly  tbe  morsels  of  meat 
thrown  to  him  with  a  single  claw,  and  never  misses  them  if  they  pass 
within  his  reach.  His  movements  have  all  the  precision  of  those  of 
small  birds.  He  is  free,  quick,  sharp,  and  powerful  iu'liis  movemenU: 
above  all,  his  coup  d'ail,  the  power  of  taking  all  in  at  a  glance,  is  very 
remarkabh'.  As  the  motor  muscles  of  the  eye-ball  are  but  little  devel- 
oped, he  is  compelled  to  turn  his  bead  whenever  he  desires  to  see  any- 
thing 8bari>ly-  His  head  tbeu  assumes  siilendid  poses;  his  eye,  that 
brilliant  gem  set  under  a  deep  arch,  darts  out  lightning  glances;  his 
curved  beak,  bis  savage  air,  his  shar]i  head  feathers  bristling  up  and 
forming  a  diadem — all  that  ensemble  of  vehement  sweeping  octline— 
make  the  eagle  a  model  of  power  and  of  audacity.  i 

He  lords  it  over  a  territory  which  he  always  selects  of  vast  exteat 
All  the  smaller  mammals  dread  him;  tbe  youug  of  larger  animals  fear   | 
to  be  seen  by  him;  the  young  chamois  crouches  up  to  its  dam,  tbe  old 
bucks  uvll  tbe  herd  and  stamp  their  feet  with  fury.     Man  bimself— in 
infaucy — has  been  attacked  by  bim. 

He  is  intelligent  only  from  a  hunting  {mint  of  view.  A  very  interest- 
ing t<po«'taclc  it  is,  that  of  a  family  of  eagles  making  a  Ixtttve  in  order 
to  tbruisb  tbe  nest  with  provisions. 

The  male  is  up  100  yards  in  air,  quite  motionless,  tbe  female  i^ 
beating  the  thickets;  her  flightwhile  doing  this  has  an  ease  of  great 
elegance:  she  Hollows  the  undulations  of  the  groond  without  effort; 
glides  <Vom  one  hill  to  another,  descends  and  re-ascends  the  mountain 
mIoiio;  then  when  a  prey  ajipears  tbe  two  spouses  are  upon  it  almost 
at  tlie  same  time.  It  ofteu  happens  that  a  bare  starting  np  10  yards 
IVttni  the  female  is  etiugbt  by  the  male,  who  was  stationed  100  yards,  in 
the  «ir!  be  dives  bend  foremost,  is  ui»n  tbe  prey  in  font  or  five  sec- 
onds, and  picks  it  n)>  on  the  Hy :  then,  if  be  is  in  the  mountains,  he  first 
plungi's  in  the  valley  with  his  liwd.  and  with  great  wing-beat«  re-as 
— -*■■  to  his  i'yric.  There  the  spoils  are  divided,  and  this  never  take* 
ilhout  much  dispute,  spite  of  the  charms  of  matrimonial  bonili'- 
n-nin  this  ohl  leaven  of  ferocity,  which  constantly  apitears,  the 
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&mily  in  perfectly  well  brouglit  up,  aod  above  all  abaudantly  sap- 
plied  witU  uourisbmeut.  Duriug  tlie  education  of  their  young,  fam- 
ilies of  eagles  consume  enormouB  quantities  of  game;  the  eaglete  dur- 
ing this  period  require  much  food  in  order  to  furnish  material  for  the 
growth  of  their  great  feathers.  Nature  then  inspires  the  parents  with 
an  activity,  which,  happily  for  neighboring  hares  and  rabbits,  Las 
nothing  in  common  with  their  usnal  indolence.  During  this  time,  this 
period  of  activity,  lasting  a  moutli,  there  is  no  respite;  the  vicinity  of 
the  eyrieis  generally  eucnmbereti  with  putrefying  carcasses;  butluckilj 
the  crows  have  an  eye  out  lor  everything  which  is  spoiling,  and  yosssHS 
the  audacity  tx>  go  for  it  even  in  the  eagle's  nest.  All  things  con- 
sidered, the  crows  run  little  risk ;  they  are  so  adroit  that  even  in  a  ver}' 
confined  space  they  manage  to  escape. 

The  great  golden  eagle,  which  I  possessed  for  years,  had  nlways  a 
magpie  with  him.  There  is  no  sort  of  malicious  trick  that  this  mis- 
cliievous  little  creature  did  not  play  ui»on  his  terrible  and  tacitnru 
companion,  but  he  received  no  more  attention  than  the  tomtits,  wMcb 
may  be  seen  with  the  telescope  roving  among  the  branches  among 
which  the  nest  of  the  eagle  is  built. 

The  eaglets,  after  a  month  and  a  htilf,  are  as  big  as  papa  and  mam- 
ma. Their  first  flights  are  timid  enough  and  the  parents  then  follow 
them  with  peculiar  solicitude;  then  little  by  little,  as  skill  in  flight  and 
hunting  increases,  the  family  affection  wanes,  the  eyrieis  abandoned, 
and  each  by  degrees  becomes  a  hunter  upon  his  own  account.    -    -    - 

Two  eagles  are  rarely  seen  together  when  they  have  no  young  one*. 
Tliose  shut  up  together  in  cages,  nil  perish  in  the  same  manner,  tnm 
a  stroke  of  the  talon,  penetrating  the  brain, 

VuUuren. — Let  us  rest  long  iu  our  studies  of  this  type  of  lliglit,fi>r 
it  is  full  of  useful  instruction :  this  is  the  type  which  will  lead  man  t« 
navigate  the  immensity  of  space. 

This  great  family  of  birds  solves  the  problem  of  remaining  in  the  air 
with  the  least  expenditure  of  force;  we  may  even  say,  in  other  words, 
that  it  is  that  which  flies,  or  rather  soars,  with  the  utmost  science. 
The  life  needs  of  the  creature,  here  as  everywhere,  determine  its  kind 
of  talent.  The  vulture,  to  make  a  living,  must  rise  to  a  great  heigbl 
thence  to  gain  a  large  field  of  observation,  and  he  must  there  loaf 
remain  without  fiitigne. 

Now  consider  the  construction  of  this  bird.  His  weight  is  very 
great,  hts  wings  are  immense,  both  in  length  and  breadth ;  his  large 
proportional  surface  sustains  him,  and  his  great  mass  stores  np  do- 
meiitum.  So  we  see  him  after  a  few  beats  of  wing,  at  once  begin  to 
NOHr,  climbing  up  in  the  air  and  floating  there  with  no  expenditarf 
of  force,  save  for  the  start  and  for  guidance.  Certain  species  of  vnl 
tures,  i>articu1arly  the  larger,  absolutely  can,  upon  a  windy  day,  leave 
their  perch  in  the  morning,  travel  many  leagues,  spend  the  whole  day 
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JD  the  ail',  and  get  buvk  U>  tlieir  perch  Ht  iiigbt  witUuut  ouc  single  beat 
(if  their  wiogs. 

Ill  this  family,  velocity  is  ouly  useful  1^)  the  auialler  species,  which 
are,utter  a  fashion,  the  purveyors  of  the  larger;  therefore  the  Egyptian 
vultnres,  the  turkey-buz;!anjs,  the  urubus,  liaviag  to  execute  more 
varied  niovemeDts  expend  much  more  force. 

Kow,  here  is  the  way  a  vulture  Npends  hi»  day  ujwu  one  or  the  other 
continent.  The  larger  species  have  speut  the  night  perched  amoitg 
rugged  and  inaccessible  rocks,  where  they  gather  for  shelter  ft^>m  the 
wind,  if  they  have  neither  eggs  nor  young  one«.  The  turkey -buzzardK 
Md  the  Eg^'ptian  vultures  have  been  roosting  in  the  lower  regions, 
they  are  less  fierce  and  much  more  intelligent.  The  sun  comes  out  and 
dries  the  dew  collected  on  their  feathers;  the  vultures  stretch  tlieir 
wing)!,  limber  up  the  joints  and  trim  the  growing  quills  with  all  the 
care  that  the  maintenance  of  an  essential  organ  needs.  About  7 
o'clock  there  are  many  flappings  of  the  great  wings,  but  without  quit- 
ting the  i>ei'cli ;  then  they  sink  their  beads  between  their  shoulders  and 
renime  their  sinister,  forbidding  look.  Between  8  and  9  o'clock  the 
breeze  begiuH  to  rise;  once  in  a  while  the  vulture  glances  into  the 
valley  through  those  inagniflcent  eyes,  unique  in  creation  for  their 
power,  then  with  four  or  five  great  beat.s  of  wing  he  launches  into  space. 
He  descends  some  60  yards  on  rigid  wings,  imd  is  then  in  full  sailing 
flight  The  smaller  spe<:iea,  who  are  earlier  risers,  are  already  at  work 
and  searching  for  food. 

The  large  vultures  sail  at  heights  which  vary  with  the  species.  The 
tuwny  vultures,  the  Sarcoramphes  or  pupa  of  South  America,  gener- 
ally keep  at  elevations  of  500  or  600  yanls  in  the  air ;  they  are  scarcely 
nsible  from  the  ground.  The  arriaii  vultures,  the  otogyps,  the  con- 
dors usually  float  much  higher:  they  become  cpiite  invisible, 

Tlie  arrian  vnltnres  survey  the  movements  of  the  tawny  vultnies,  who 
in  turn  have  an  eye  upon  the  Egyptian  vultnres,  which  latter  again 
watch  the  doings  of  ttie  kites,  and  esjie^'ially  of  the  crows. 

In  America  the  urabns  is  watched  by  the  tnrkey-huKzard,  the  latter 
by  the  pap<t,  and  this  last  by  the  <^oiidor. 

As  all  these  great  birds  of  prey  thus  establish  a  complete  net-work  of 
observation  over  the  earth,  A-om  the  mere  fact  of  niutiial  surveillance, 
Just  as  Booti  as  a  meal  is  found  all  the  neighbors  close  by  start  in  that 
direction,  they  are  at  once  followed  by  the  others,  and  thus  they 
assemble  verj'  rapidly. 

Tliey  scent  the  carcass,  is  the  common  espresaion.  In  [loiut  of  fact 
this  is  quite  incorrect,  being  im|x>S8ible  if  the  birds  are  t^i  windward  of 
the  dead  animal.  Their  olfactory  apparatus  is  so  little  developed  that 
it  is  quite  insnfBcient  to  guide  them  to  a  carcass,  even  close  at  hand. 
This  may  be  easily  tested  by  hiding  some  titinted  meat  and  attracting 
a  vulture  to  the  neighborhood.  He  will  pass  close  to  it  without  find- 
ing tbe  meal ;  his  sense  of  smell  will  not  have  revealed  it. 
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The  attitudes  of  these  birds  in  the  air  are  particularly  worthy  of  at- 
teotioD.  Tbeir  aspect  when  sailing  upon  a  wiud  of  about  11  miles  per 
hour,  which  velocity  is  best  adapted  to  exhibit  their  faculties,  becomes  a 
most  interesting  study  of  flight  without  beat  of  wiug. 

It  is  clear  that  to  rise  upon  80  feeble  a  current  of  air  they  most 
spread  all  their  surface.  At  this  speed  of  11  miles  per  hoar  the  Egyp- 
tian vulture  holds  liis  wings  to  an  even  straight  line;  the  Oypokrax 
catkartoide  slightly  brings  the  tips  of  his  pinions  forward :  the  tawny 
vulture  advances  tbcm  so  much  that  the  angle  produced  in  front  is 
165°;  the  oricou  or  Nubian  vulture  goes  much  further,  to  make  a  sat- 
isfactorj'  sketch  <>f  his  attitude  in  tlight,  would  require  an  angle  of 

The  grrut  tawui/  Vulture. — We  are  now  face  to  fiice  with  our  desi- 
deratum. Look  at  IiIm  beak !  We  might  disregard  his  talons,  but  the 
beak  is  terrible,  of  a  force  not  to  be  imagined;  garments  are  insuffi- 
cient to  protect  a  man  from  this  beak. 


Once  he  is  dead,  your  gorge  rises,  for  the  smell  in  horrible.  This 
odious  perftinie  is  in  no  way  fugacious,  for  it  persists  worse  than  musk; 
the  whole  body  of  the  animal  i.s  impregnated  with  it.  The  room  in 
which  it  remains  for  only  a  few  hours  will  not  lose  that  nauseating 
«Mlor  for  many  months.  Then  look  oat  for  lice;  they  are  of  good  fig- 
ure. The  flnit  of  the  enormous  parasites  one  sees,  wandering  over 
one's  clothes,  causes  inexpressible  astonishment.  However,  notwith- 
standing its  size,  it  is  not  dangerous,  for  it  does  not  become  acclt- 
mated  to  man. 

But.  imssing  by  these  ]>ctty  annoyances,  what  a  magnificent  animal 
we  have  before  our  eyes.  Here  we  have  alar  spread  of  8  feet  or  more 
of  wing,  a  weight  of  lU  i>ound»  for  this  admirable  living  aeroplane. 
Beyond  him  there  are  but  three  or  four  varieties  which  surpass  him  in 
size,  but  without  causing  us  to  forget  him.  In  any  case  he  is  ijuite 
their  brother  in  sailing  flight. 

Little  nee4l  he  said  concerning  the  oricou  [otoggp"),  save  that  the 
closest  attention  i.s  reiiuired  ti>  recoftnijie  them  iu  any  group. 

.Vs  to  the  condoi*^,  inasmuch  as  their  confoirq)atiu)iCt9>(t1uJiSMtne  a^ 


THE   EMPIBB   OF  THE   AIR.  449 

tbat  of  the  \'nlture8  of  the  ancient  contineot,  we  may  say,  without  risk- 
ing a  mistake,  tliat  their  mode  of  perforiuiiiiee  in  the  air  \n  practically 
tiie  Kiime. 

We  commend  the  special  study  of  tlic  ways  of  the  tawny  vulture. 
This  will  better — iu  five  miitutes — explain  the  action  of  sailing 
tJiKht  aiul  the  possibility  of  its  imitation  thim  long  obwrvationB  of  all 
the  other  families  of  birds. 

The  dominant  note  in  tliis  Might,  the  rcmitrkuble  feati 
decided  tendency  to  pertbrm  all  rcfjuired  mameuvevs  and 
by  gliding,  by  soaring  dight,  and  to  iivoid  all  |>ertV)rmanc<>s 
volve  Happing  the  wings.  The  oricou  and  the  arrian  are  iii 
category ;  they  even  exaggerate  this  tendency.  All  these  1: 
only  beat  the  air  when  there  is  a  dead  calm,  an  atniosphei 
atance  quite  nire  iu  Egypt,  and  as  the  slightest  breezt^  t 
their  support  it  is  rarely  the  tranquillity  of  the  air  which  k 
at  rest.      Bain  troubles  them  ranch  more    than   a    calm; 


to  dreatl  having  wet  wings.  (Jreat  winds  also  disorder  the  econ- 
omy of  their  mode  of  llight;  they  iire  proportioned  to  sail  well 
ii|Kin  an  average  wind,  so  when  the  wind  fi-esheun  mni;h  they  begin 
tuenconnt«r  diflicnlties;  and  when  it  blowH  a  tempest  they  seek  shel- 
ter and  do  not  stir  out.  This  results  from  the  great  breadth  of  their 
wings,  a  breadth  which  by  tht:  ntsistance  it  offei-s  completely  deranges 
their  facilities  for  locomotion. 

In  onler  to  encounter  strong  4'urrents  of  ivir,  then^  must  Ik*  narrow 
wings;  thus,  observe  the  gulls,  the  stormy  petrel,  the  alhati'oss.  In  a 
wind  where  all  aboard  sliip  is  clewed  up  yon  will  see  tbem  in  full 
itctivity,  chasing  ardently  and  moving  with  ease— they  are  iu  their 
element;  there  is  no  beating  the  air;  they  are  then,  as  it  were,  set  on 
two  rigid  supports  nineb  curved  downwards,  Bkimming  the  wave  with 
astonishing  pret'isioti,  fingering  it  with  their  wing  tips,  rising  and 
descending  with  the  billows  without  ever  being  overtaken.  These 
same  birds,  in  a  wind  of  11  miles  per  hour,  a  Ught  breeze^  are  com- 
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Iielleil  to  settle  down  on  tbe  water,  to  dubble  around  like  common 
diK'ks;  while  in  tliis  same  wiiul  the  great  land-sailing  birds  sweep 
witb  ean«  those  great  circles  which  transport  them,  withowt  Migne, 
up  to  eoonnous  heights. 

Thus  the  vulture  is  the  biitl  which  can  utilize  the  feeblest  cuiTentof 
air  in  order  to  obtain  sustaining  power;  he  exaggerates  the  type  of 
what  we  might  call  iienuaoeDt  rest  in  the  air. 

I  have  already  said — and  I  repeat  it,  a  largo  vulture  can  make  long 
flights  without  once  beating  the  air.  I  have  seeuthe  following  perform 
ance,  not  onee  but  a  himdi-ed  times:  At  the  abattoirs  of  oriental  rities 
vultures  are  to  be  seen  in  great  numbers,  waiting  a  propitious  moment 
to  get  at  tbeir  food,  and  sustaining  theiuiielves  in  the  air  nieauwbiti' 
without  a  single  bent  of  wing.  Tliey  mount  up  out  of  sight,  they  de- 
8i-end  within  200  yards  of  eartli,  advance  against  the  wind,  glide  willi 
the  wind,  slide  to  the  right  or  letl,  cruising  in  a  single  lionr  over  ull 
the  surrounding  country  to  see  if  there  be  not  a  tlead  animal  more  easy 
of  access;  and  they  perform  these  maneuvers  the  whole  day  lung, 
making  twenty  ascensions  of  1  ,<H«)  yaitls  ea«;h,  gliding  over  100  leagues, 
and  all  this  without  one  .single  stroke  upon  the  air. 


When  you  go  still-hunting  tor  a  tawny  vulture,  take  notice  how  he 

first  comes  into  sight;  he  does  not  then  ap[>ear  to  l>e  a  large  bird.    At 

the  altitude  at  which  he  habitually  soars  he  appears  of  exactly  the 

same  size  as  the  kit*'s  and  the  ICgyptian  vultures;  he  makes  no  more 

they.    You  will  however  learn  quickly  to  distinguish 

le  to  the  f'l-ont  pwHlucwi  by  his  wings,  by  the  abscnw 

iind  above  all,  by  the  siowne-ss  and  steadiness  witli 

s  in  space.    This  is  an  infallible  sign  by  which  to  n* 

ar  as  the  eye  can  reach,     it  is  only  much  hiter  that  his 

e  understood,  when  ho  is  only  liOO  or  .WO  yards  off: 

roiu-lies  within  that  distance  he  will  grow  in  appear- 

er  thill)  other  birds.     You  will  further  distiuguisli  him 

spread  of  his  wing  tips.    W©  may  say  that  thia  is 
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the  biitl  wlio  spieiHls  bi^^  inimary  tl-allifrs  most  wkicly  apart  fiom 
each  oth<'V.  Tliero  in  at  tlie  extremity  an  op«ii  spiu-e  between  each 
HDilJ  alwiit  tive  tiiiu's  the  width  of  the  I'eatbei-. 

Still  another  iH^rnHarily:  tbe  primary  l^tbein,  instetwl  of  tapering 
tuwanls  the  point,  areiiOiiKli-iii'lfd  on  the  leverKe  jihin;  they  M'eui  to 
lie  iinpl!intc-<l  intii  the  vrinn  by  the  thin  end:  the  out«r  tip  Itcing  niate- 
I'iiilly  wider  than  the  piirt  whieb  seems  to  be  attached  to  the  wing,  and 
nhii'h  precedes  the  main  widening  of  tlie  barbs.  These  large  feathers, 
widest  at  tbeir  tip  and  s|>n'ad  Dsnoder,  jtreKeiit  a  eiirioiis  outline  which 
ftunld  pte^se  artists  greatly  it'  they  eonhl  observe  this  bird  in  his 
uutive  habitat. 

Tu  ttie  i>eenliar  (fonstruetion  described  we  must  a<l<l  the  etl'ect»  of  the 
liartini  rotation  of  tbe  quills  within  their  sw!>(ets,  whidi  action  is  ob- 
iierTed  only  in  these  large  birds,  Tliese  (juills  must  1«  wonderfully 
strong  and  elastic,  for  the  birds  put  them  to  severe  pi-oofs.  During 
tlie  cflbrts  wbieb  he  makes  n  hen  starting  up  from  tbe.  ground  and  wbcn 
Ilia  jH'etoral  mascles  iire  doing  their  utmost,  the  tips  of  the  feather 
IMiint  direc^tly  to  the  zenith.  In  short,  tW>ni  every  point  of  view  these' 
great  binls,  when  free,  are  exceedingly  interesting  to  observe.  There 
are  alt i tad es,  quite  unknown  to  thos4;  wlio  only  see  the  bird  in  museums, 
which  would  confer  sucwss  on  an  animal  painter,  if  he  reproduced 
them. 

But  there  must  be  freedom ;  otherwise,  we  have  only  eagles  motion- 
less as  milestones,  or  ill-smelling  vultures  worrying  themselves  to 
death,  their  heads  smothered  between  their  shoulders;  two  aspetitg 
which  have  nothing  in  cominon  with  that  of  these  kings  of  air  proudly 
traversing  the  immensity  of  the  skies.  Tbe  one  circumstance  which 
frequently  deprives  the  observer  of  the  chance  of  witnessing  their  in- 
teresting evolutions  is  the  bird's  alarm.  At  the  sbghtest  apprehen- 
sion these  great  creatures  resort  to  rowing  tligbt,  they  desire  to  get 
rapidly  beyond  danger,  so  that  developing  all  their  powers  with  strokes 
of  wing  they  quickly  Jly  away. 

Their  jiower  of  vision  must  \te  great;  we  nmy  safely  assume  this, 
because  the.'ie  birds,  of  all  tlying  creatures,  are  those  wbos(^  mo<Ieof  lite 
requires  tbe  most  extensive  views. 

A  sparrow  needs  a  tield  of  view  of  but  a  few  Ininilred  yai-ds:  a  more 
powerfnl  organ  of  sight  would  be  needless,  and  therefore  atro|dued  in 
a  few  generations;  tbe  sea  biixls  need  to  observe  the  surface  of  the 
waves  for  only  some  do/.en  yards  or  so.  It  is  not  among  thesi-  creatni'cs 
that  we  must  seek  for  those  i>erteet  lenses,  ca]»able  of  collecting  all 
tlivergent  rays  of  light. 

Tbe  hunting  birds  of  prey,  such  tor  instance  as  tbe  falcons  and  the 
eagles,  often  scrutinize  tbe  surface  of  the  ground  from  a  great  height ; 
the  latter  birds,  esi)eci»lly,  sometimes  maintiiin  tbemselves  at  an  ele- 
vation of  4U0  or  .'MH)  yiirds  while  hunting;  but  what  is  that  distiince 
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^vhen  compared  with  the  3  or  4  miles  required  by  the  vnJtnrea  to  atndy 
their  field  of  research! 

We  may  safely  couflude  that  the  cou»taut  necessity  for  seeiiig  further 
than  other  birds  has  caused  them  to  iircquiro  iti  the  ort;an  of  visiou  ii  ]KT- 
fectioii  not  possessed  hy  other  birds.  We  must  tlierefoi'e  be  onrselveK 
iuvisible  to  be  able  to  witness  their  extriu>rdiniiry  evolutions  when 
saihng;  or  better  still,  we  must  seek  tliem  in  the  primitive  coiuitries 
where  they  have  itot  yet  learned  to  be  afraid  of  man.  and  eveu  tliere 
we  should  wear  a  dress  which  shall  uotattmct  their  a  tti-ntion.  for  other- 
wise they  will  not  come  down  to  a  meal. 

In  order  to  see  these  birds,  French  observers  must  leave  home.  Tberc 
axt',  no  vultures  nearer  than  the  high  plat^jftus  of  central  Auvergne.  the 
Alps,  and  the  Pyrenees,  where  thei-e  may  be  found  (very  rarely  how 
ever)  the  Gypii  occidnntalin,  which  is — on  a  smaller  scale — the  dupli- 
cate (if  Oyps  /ulrim,  or  tawny  vulture  of  Africa. 

If  chance  does  not  bring  to  us  one  of  the  latter  master  soarers,  ite 
must  entice  liini;  a  dead  carcai!S  planted  in  some  isolated  spot  ii^  the 
best  means  to  attract  him.     By  crossing  the  Medit«rranean  to  Algerit 
one  is  certain,  with  a  jiroper  liait,  to  see  the  bird,  particularly  io 
the  autumn ;  for  it  is  rather  an  uncertain  enterprise  to  endeavor  to  find 
him  in  northern  Africa  in  other  months  than  September,  October,  aud 
November.    There  are  undoubtedly  a  few  at  all  seasons,  but  it  is  only 
during  those  three  months  that  they  are  in  considerable  numberft; 
either  in  consequence  of  their  annual  migrations  from  north  to  south, 
or  ftom  other  causes.     In  any  case,  even  where  there  are  many  they  ore 
not  uniformly  abundant.     Sometimes  we  may  chance  ui>on  a  flock  of  a 
hundred,  and  then  remain  for  years  without  seeing  them  except  afar  off. 
It  is  unfortunately  an  unknown  bird  to  those  iDterest«d  in  the  prob- 
lem of  flight,  for  not  one  person  in  a  hundred  has  seen  it  in  the  air.   In 
Algeria,  even  in  Cairo,  (where  there  are  some  sailing  over  the  city  cvctj" 
day  during  three  months  of  the  year,)  most  of  the  Enrojtean  residents 
are  uiiawai'tt  of  theii'  existence.     But  when  the  student  takes  the  pains 
to  go  where  the  bii-d  is  to  be  found;  when  he  sees  this  great  animal, large 
as  a  sheep,  jiainfully  rising  from  the  ground  with  strokes  upon  the  air 
wl)i»u«  hisRi'iiir  i,s  lii'ard  StW  yanis  away  in  the  silence  of  the  desert: 
hem  afterwards  describing  their  endless  sweeps,  he  )^)- 
lofit  interesting  sight;  every  human  being  is  chained t" 
the  Arab  is  «tirrwl  with  emolion;  for  in  this  bird  w*' 
ion  under  a  now  us|>e4;t ;  it  rcsembli'H  -.ui  to  ni^jesfy  and 
the  action  of  a  locomotive  at  full  speed, 
tch  a  martin  flashing  through  space  we  think  of  high 
;m ;  when  it  is  a  snipe  or  a  partridge  which  flies  ofl'.  we 
>f  the  action  of  a  released  spring;  a  gull  suggest  per 
>r  the  endless  sweep  of  a  pendulum ;  but  the  view  of  the 
I  sailing  flight  inspires  at  once  the  desire  for  imitatjou; 
parachute  which  man  may  hope  to  re-produce. 
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THEOKV  OF  THE  AEKOPLANB. 

rcrttcol  and  horizontal  ^quUibriHrn. — To  change  the  eqiiiiMine  of  Iiig 
aeroplane  tu  the  vertical  directioD,  the  saihng  bird  makes  use  of  hi» 
tail,  whirli  under  the  action  of  the  imiiing  air  serves  iit  all  respects  as 
;i  rudder;  but  be  baa  a  nineh  more  energetii-  means  of  displaying  Ills 
•  enter  of  gravity,  which  consists  in  altering  his  center  of  figure;  tliiit 
is  to  say  by  changing  the  form  of  his  sustainiug  surface,  and  by  dis- 
|>lncii>g  it  in  relatiou  to  liis  body. 


When  the  binl  ha«  diii:|M»:>ed  his  organs  of  sailing  flight  in  proper 
eqi)ip»ise.  when  bis  aeroplane  is  set  for  efficient  progress,  as  for  examjile 
ill  Fig.  1-',  shouhl  any  nei-essity  whatever  teqnire  him  to  ascend  sad- 
(lenly.  he  will  not  eniphiy  his  tail  for  that  purpose,  especially  if  it  be » 
let'bleone.  beeanseit  will  nut  pHHim-e  sufficient  action,  hut  he  stretches 
his  wings  forward.  Fig.  Vi.  His  center  of  j^ravity  and  his  center  of 
figure  thus  »>H-e«ie  det-tdwily  to  the  rear,  and  upward  gUding  and  asc«u- 
aioD  uiust  follow-. 


I  assumes  the  following  attitude,  Fig,  U. 
nl  forward  produces  downwanl  gliding- 
■d  at  will  by  the  vsiriable  jtosition  of  tlie 
neil  by  tite  action  of  the  air  on  the  tail. 
K>wer  in  a  vertical  direction, 
ital  dirwiion.  it  is  very  simply  broofrht 
s  [irocurcil  tbmngh  the  derangement  in 
except  with  birds  having  very  ample 
iin  capable  of  this  service:  these  use 
iQcler  an<l  the  kite. 
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Wlicu  ii  bird  is  Mweepiug  in  a  circle,  tbc  wiuy  (lointing  towards  the 
center  of  tliat  circle  i^  always  less  extended  tbiiii  tliat  ^liicb  sweeps 
tlie  circumference,  so  that  when  a  sailiiijf  biril  is  seen  slightly  to  fold 
one  of  his  wings,  it  may  bo  known  tliiit  be  is  about  to  turn  towards 
that  side. 


The  whole  body  aids  in  this  movement;  the  whole  bird  bears  itself 
totbat  side,  the  tail,  even  when  rudimentary  and  hence  feeble  in  action, 
concurs  in  tlie  execntiou  of  this  maiiceuver.  It  ia  an  instinctive  action 
among  the  feathereil  tribe,  Just  as  with  man,  when  he  uses  his  arms  to 
eijnibbrate  himself  on  liiK  legs. 

The  two  wings  never  balance  each  other  perfiHitly;  one  side  is 
always  heavier  than  the  other,  as  the  surfaces  are  not  equally  divided. 
Differences  in  weights  and  surfaces  cause  a  tilt  towards  the  side  most 
heavily  loaded  or  exiHising  least  surface,  as  the  case  may  bo;  hence 
aeroplanes,  whether  machines  or  birds,  always  tend  to  sweep  to  one 
side  or  the  other.  To  obtain  rectilinear  progro^'sion  some  corrective 
force  must  intervene.  In  the  animated  aeroplane  this  force  consists  i» 
life;  in  artificial  flying  apparatus  man  will  uee<l8  produce  this  force.  It 
might  be  possible  to  produee  i-ectilinear  progn-ssioii  automatically,  iu 
large  aeroplanes,  by  means  of  electrical  apx>aratus,  in  which  contacts 
would  be  made  through  the  use  of  mercury  which  would  seek  its  level. 

When  we  observe  attentively  a  sailing  bird  gliding  in  a  strong  and 
irregular  current  of  wind,  we  are  strnek  with  the  rapidity  with  which 
the  center  of  gravity  is  shifted  iu  order  to  satisfy  the  needs  for  support 
itnd  for  maintaining  the  course.  A  puff  of  wind  immediately  results 
in  a  flexing  of  wings,  their  tips  swing  Ut  the  rear,  the  center  of  grav- 
ity advances  in  consequence,  au<l  thus  neutralises  the  increased  pres- 
sure produced  by  the  acceleration  in  the  cun-entof  air. 

This  adroit  evolution,  pei'formetl  Just  at  the  right  time,  which  at  Arst 
Bight  seems  b»  be  an  instinctive  action  of  the  ci-caturc,  is  probably  after 
nil  simply  nntomntic.  We  may  be  assnretl  that  this  change  in  form  of 
Burfaee,  this  alteration  in  the  equijioise  is  not  produced  by  the  con- 
scious vital  action  of  the  nerves,  but  is  simplya  ]ihenonieuon  of  muscu- 
lar elasticity.  The  bird  receives  the  shock  of  the  wind  unconsciously, 
Ms  att«Qtiou  is  otherwise  engaged,  bis  wiugs  ore  sti'etched  at  their 

Dci-zec  by  Google 
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iiHiml  tension.  When  they  eucouuttr  a  pressiiro  ^^roater  tli&a  urinal, 
tlie  tips  yield,  swing  to  the  rear,  and  automiitically  perform  the  nec- 
essary niaiitcnver. 

In  mechanical  aeroplanes  it  will  bo  indispensable^  and  verj'  easy,  to 
imitate  nature  in  this  act;  two  springs  of  calculated  strength,  mnin- 
taining  the  wings  in  the  jtosition  of  ordinary  etiuipoise,  might  very 
well  answer  the  purpose. 

It  follows  from  the  facts  jnst  stated  that  it  is  probable  that  bii-da  often 
i<atl  nnconscionsly.  This  is  the  conchision  resulting  from  attentive 
observation.  Whosoever  has  closely  watched  sailing  birds  will  infer 
that  during  three-fonrths  of  the  time  they  expend  neither  force  nor  will 
power,  that  direct  action  on  the  part  of  the  creature  only  occurs  when 
he  makes  a  decision,  such  an  to  change  hiH  gait  or  his  direction. 

This  line  of  thought  leads  us  to  fancy  that  the  soaring  birds  sleep  on 
the  wing.  Assureilly  no  bird  actually  goes  dead  to  sleep  during  flight, 
yet  those  sufficiently  gifted  to  spend  six  or  eight  hours  in  the  air  for  no 
pai'ticular  purpose  must  reach  a  state  nearly  approaching  slumber,  anil 
which  must  be  very  restful.  This  may  resemble  the  slumber  of  tlie 
horse  while  standing,  in  which  he  still  retains  sufficient  control  over  liis 
muscles  to  ]ireserve  the  ecpnpoise  on  his  four  legs. 

How  far  will  automatic  mechanism  permit  man  to  progress  with  his 
aeroplanes?  It  is  easy  to  foresee,  at  first  glance,  that  he  need  take 
action  only  when  first  starting,  upon  reaching  decisions,  and  in  finHl 
alighting;  the  rei«t  of  the  time  hi.s  faculties  may  be  otherwise  occupied, 
and  it  is  quite  certain  that  mere  snpiiort  will  be  attained  without  com- 
pelling him  to  intervene  at  each  instant. 

MAS-FLtGHT   TUBOKETIUALLT   CONSIDERED. 

Is  the  reader  then  to  infer  that  the  author  has  dared  to  dream  of 
surpassing  nature  in  aiirial  evolutionsi  It  is  certain  that  before  talking 
of  improving  upon  nature,  it  would  bt:  more  becoming  to  make  an  at- 
tempt to  imitate  her;  not  as  a  lord  of  ci'eatiou,  but  as  an  humble  adept. 
Yet,  as  the  author  has  seriously  contemplated  producing  a  larger  bird 
than  any  existing  in  nature,  and  as  there  may  be  some  value  in  bis 
thinkings,  notwithstanding  the  deficiency  of  experiments,  he  will  enter 
upon  the  question  of  possible  man-tlight. 

We  are  led  to  consider  this  question  by  nature  herself;  she  occasion- 
ally lifts  a  corner  of  the  veil  through  certain  evolutions  of  her  favorite 
In  point  of  fact,  when  we  continually  observe  tbesailiiiR 
'H  we  expend  on  this  study  much  time,  much  action,  and  mncb 
Fc  are  rewarded  once  in  a  while — rarely,  it  is  true — by  the  sight 
lanu'uver  which  sets  us  to  dreaming  of  its  imitation, 
to  ourselves  upon  observing  it:  But  why  does  not  the  liinl» 
fatiguing  himself  by  wheeliiiR,  rowing  or  struggling  m  h' 
does,  always  employ  his  present  evolution,  so  economical  of 
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The  answer  is  simple.  If  there  be  a  crentiii'e  with  super-abundaot 
life, it  is  the  bird.  With  him,  movement  is  not  the  result  of  ^erte(^tiou; 
it  proceeds  from  tlie  great  excesa  of  power  he  iwsseases,  and  iia  he 
liDOws  110  will  but  his  own,  he  ran  not  resist  the  desin*  mid  follows 
it  to  the  detriuient  of  his  force. 

The  simple  comparison  of  the  different  modes  of  flipht  is  already  a 
step  towards  success;  we  have  been  able  to  select  one  mod*- as  moat 
nvAilable  to  man,  and  as  best  within  the  reach  of  his  means  of  imita- 
rioii.  Let  us  take  another  step  forward  and  consider  which  evolu- 
tions, anions  the  numerons  mauteiivers  performed  by  our  chosen  tyi>e, 
the  great  tawny  vulture,  it  is  most  easy  to  re-pro<luce,  and  what  is 
most  profitable  for  our  puri)o»es.  Then,  even  while  canvassing  this 
selection,  if  we  meet  any  bap]>y  thought,  let  us  analyze  it  coolly  but 
without  shyness;  for,  by  carrying  it  to  an  extreme  wo  may  i>erhaps 
find  something  new. 

Assuredly,  when  man  shall  have  succeeded  in  utilizing  the  wind  in 
%ht,  he  will  bring  to  bear  bis  ingenuity  upon  that  art  and  it  will 
eoable  him  not  only  Ui  imitate  nature  but  to  surpass  her  perform- 
anceij.  Thns  it  will  not  be  impracticable  for  him  to  produce  a  sailing 
apparatus  more  steadyand  alow  than  the  condor  or  the  oricon  vulture; 
or  perhaps  a  motor  machine  possessing  greater  speed  than  the  teal; 
this  be  will  do  by  exaggerating  the  features  of  these  dift'erent  modes  of 
flight.  But  he  will  excel  especially  in  the  profound  study  of  the  science 
of  Higbt.  He  will  not,  like  the  bird,  be  constantly  distra<;ted  by  his 
necessities  or  by  fear;  every  movement  will  bo  foreseen  and  provided 
fur;  every  danger  and  contingency  will  be  vanquished  in  advance,  and 
lie  wilt  need  but  to  mind  his  evolutions  —  a  duty  which  he  will  fulfill 
ri'soiutely,  with  his  characteristic  science. 

As  methods  of  getting  about — not  to  mention  the  railway,  the  steam- 
boat, or  the  balloon — man  has  invented,  out  and  out,  two  new  modes 
<if  locomotion,  vom|ilete  in  all  their  parts  and  with  no  analogue  in 
nature:  T  mean  tbe  skate  and  the  velocipede:  why  then  should  he  not 
bring  to  perfecrtion  a  mode  already  kimwn,  which  uothing  warrants 
iimsidering  as  having  reacbeil  its  utmost  iimitf 

When  tbe  first  dread  has  been  con<in»'ied,  when  the  horror  of  empty 
ajKU'e  has  been  mastered  through  hnbitudc,  intelligent  man,  after  hav- 
ing re-prodnced  all  the  gaits  of  the  birds,  will  want  to  improve  aimn 
them.  He  will  inijuire  wlicther  there  are  not  possibilities  beyond  them. 
Then  with  varied  susttiining  surfaces  be  will  att6ni{)t  to  rise,  advancing 
into  the  wind,  or  he  will  rise  with  a  st^'rn  wind,  both  evolutions  Ix-ing 
(terlormed  without  sweeping  in  i-ircles;  and  beyond  all  this,  be  will 
attempt  gliding  ba«;kward. 

With  the  wind  deml  against  him,  man  will  neeils  study  whether  it 
ix  most  atlvantageoHs  to  rise  direct,  even  advancing  to  windwanl,  as 
ill  the  case  of  the  eagles  already  herein  descrilwd,  or  to  sweep  ai"ouiid 
iu  circles,  thus  dritting  back  and  afterwards  regaining  the  tost  ground 
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at  tlie  expense  of  lieij^lit.  Tliis  last  jtroceilnte  is  tlie  ouo  generally 
employed  by  tlie  bh'd»,  but  as  we  kaow  that  tlipy  can  do  l)ett«r  ujKia 
occa.sion,  it  might  be  well  to  experinieut.  Birds  are  like  all  iuferior 
creatiu'es:  they  do  not  like  to  tax  their  brain  with  sustained  attention^ 
and  the  circling  sweep  brings  no  tax  upon  their  hearts,  while  it  enables 
tbeni  to  seai'ch  for  food.  Inasiuucb  as  man  will  only  desire  togft 
forwanl  over  the  gi-onnd,  and  possesses  grcuttT  faculties  for  combiua' 
tions  tlmn  birds,  the  cai'e  in  balancing  required  by  dire<-t  asceuBion 
will  be  mere  sport  to  him. 

With  the  wind  abeam  nothing  is  more  simple.  All  there  is  to  do,  60  i 
to  speak,  is  to  allow  ourselves  to  sail.  The  sailing  birds  while  doiu; 
tluKwear  a  happy  look;  theobserverfeelsthat  they  are  laboring  neither 
with  body  nor  with  brain,  esi>ecially  if  tlic  wind  be  brisk  enongli  tu  i 
austaiu  them  well.  If  the  breeze  is  feeble  then  they  have  to  take  to  I 
circling  from  time  to  time;  bnt  vslien  it  is  sufficiently  strong  Siiilingou 
a  quarter  wind  is  certainly  the  most  convenient,  and  it  is  the  first  mode 
which  will  be  snc^cessfiilly  employed  by  man.  It  will  bo  the  sj'stem 
causing  the  least  difficulty,  nud  which  man  wilt  utilize  much  more  thiin 
the  bird,  the  former  being  always  anxious  U>  get  to  his  jouruey's  eiiiL 
A  brisk  wind  ought  to  permit  of  direct  ascent,  even  if  blowing  from 
the  direction  sought ;  by  faciug  the  wind  and  rising  while  drifting  backt 
or  even  by  receiving  it  iu  the  rear  of  the  a-roplaue,  that  is  to  say  by 
gliding  with  the  wind  during  a  lull,  and  turning  an  angle  and  desread- 
ing  slightly  during  a  puffof  wiud.  These  two  diflerentmanteuversare 
performed  by  the  sailing  birds,  but  they  employ  them  so  rarely  tlial 
they  may  be  said  uot  to  be  ill  their  line.  With  a  good  wind,  when  wf 
desire  to  proceed  in  its  direction,  both  the  ascent  and  the  borizonbil 
progress  will  be  achieved  in  the  latter  inuuner. 

Summing  up,  even  admittiug  that  man  shall  invent  no  uew  manten- 
vers,  he  will  nevertheless  have  a  choice  among  many,  and  their  combi- 
nation will  constitute  what  ought  to  be  termed  the  human  tji>e  of 
flight.  We  may  coiKleuse  onr  studies  into  a  smaller  compass  and  say: 
When  the  aei-oplaue  enters  iuto  motion,  its  tenter  of  pressure  varies  in 
the  direction  of  that  motion  and  is  displaced  by  an  amount  whieb 
varies  with  the  speed. 

With  imiehines  "  heavier  than  the  air"  aerial  navigation  may  be  win- 
passe<l  with  two  sopai-ate  classes  of  apparatus:  (1)  By  machines  witb 
(-1  By  aeroplanes  without  propellers. 
lass  is  quite  outside  of  my  present  design.  Mechanic.1l 
eventnally  furnish  quite  a  numl»er  of  ditl'erunt  soIotioDs; 
ling  wings,  propelling  screws,  rocket  propulsion,  etc. 
1  class — that  is  to  say,  the  aci'oplano  without  a  pi-opeUer— 
ct  of  the  pit'sent  essay  to  promote.  What  has  been  stated 
ts  me  to  itHirm  that  iu  the  flight  of  the  sailing  birds  (tl>v 
I*  eagles,  and  other  binls  which  fly  without  beatiiip  tbe 
111  is  produced  by  the  skillful  use  of  the  force  of  the  wiud, 
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anil  thftt  the  i^iucliiiicA  is  tlu;  ivsult  of  skillful  inaiKuuvers ;  so  that  by 
.■>miNl«rato  wind  a  man  <-aii,  witU  aii  iuTopIiiiie,  unprovided  with  auy 
iiiotor  whatever,  ritto  tip  iiih>  the  air  and  direct  himself  at  will,  even 
agniustthe  wind  itself.  Mau  therefore  can,  with  a  rigid  surface  and 
ii  ]>roperly  designed  apparatus,  repeat  the  maneuvers  of  UNconRton 
and  guidance  performed  by  the  soaring  birds,  and  will  need  to  expeiul 
no  muscular  force  whatever,  save  for  j^idance. 

As  tothe  exiiot  shape  to  ho  given  to  the  atToplane,  it  need  not  l>e 
itisciissed  in  this  chapter,  because  there  are  many  shape?*  and  devices 
which  may  l)e  employed;  bat  all  forms  of  ap]>aratU3,  however  dissimi- 
lar, must  be  based  upon  this  idea,  whi^rh  I  repeat:  Ascension  i*  the 
result  of  the  skillful  use  of  the  i>ower  of  the  wind,  and  no  other  foi-ce 
is  required. 

It  will  donbtlc'^s  he  very  difKcult  for  many  ix'rsons  to  admit  that  a 
bird  can,  witli  a  moderate  wind,  remain  a  whole  day  in  the  air  with  no 
expenditure  of  fon^e.  They  will  endeavor  to  supiwse  some  indiscern- 
ible pressures  or  some  imperceptible  beats.  In  point  of  fact  the  hu- 
man mind  does  not  readily  admit  the  above  affirmation;  it  is  astonished 
and  seeks  for  all  the  evasions  it  can  find.  Alt  those  who  have  not  seen 
tiie perforinan<'e  say,  when  ascension  without  expenditure  of  force-is 
mentioned  to  them,  '-(.th,  well,  there  were  some  motions  which  escaped 
your  observation."  It  even  occurs  sometimes  that  a  chance  or  super- 
ficial observer  who  has  had  the  good  fortune  to  see  this  manteuver 
well  i>erformed  by  a  birtl,  when  he  turns  it  over  iu  his  mind  after- 
wards feels  a  doubt  invading  his  understanding;;  the  performance 
seems  so  astonishing,  so  juinidoxical,  that  he  asks  himself  whether  his 
eyes  did  not  deceive  him. 

Fur  observation  of  this  man<enver,  in  order  to  carry  absulat'C  con- 
viction, must  bear  upon  the  [>erformauce  of  the  largest  vultures,  and 
apoii  them  aloQc,  and  this  is  the  reason:  it  is  because  nil  the  other  binis 
winch  ascend  into  the  air  by  this  process  do  not  jterform  the  necessary 
deeom|>i>sition  of  forces  required  iu  all  its  naked  simplicity. 

If  we  observe  small  birds,  we  see  creatures  weighing  only  a  few 
oances,  the  martin,  the  bee-eater,  etc.,  perform  this  manteuver  iu  high 
winds  and  high  up  iu  the  air.  But  even  when  carefully  observe<l  with 
a  telescope  a  doubt  remains,  in  conseiiuence  of  the  enormous  power  of 
the  martin,  who  can  i)ro<e<^tt  himself  forward  more  than  a  yard  with  a 
single  beat  of  wing. 

The  kites,  bn/.ziirds,  bustards,  et*;.,  when  they  rise,  whe*'ling  round, 
perform  such  complicated  iDaDUBu\'er8  as  to  jtermit  a  doubt.  ■  -  • 
To  reach  a  vigonma,  undeniable  demonstration,  we  must  discarri  even 
the  great  eagle,  whose  mauteuver  is  not  easily  followed  by  the  eye,  and 
we  must  absolutely  cuuflno  our  observations  to  the  ndtnres.  Mere 
theorizing  would  never  open  up  the  conception  of  sailing  tlight;  more- 
over, we  may  consider  it  a  dejid  letter  when  linmau  life  is  to  be  risked 
in  exiieriment.     The  moral  result  of  observation  is  infinitely  more  eon- 
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or  rectangnlar  formK,  with  aerial  rafte  in  the  shape  of  an  arrow,  with 
irregaiai*  forms  even,  provided  always  that  he  can  sliift  the  ceoter  of 
gravity  sis  retgiiircd;  jtrovided  also,  thiit  tlie  sustaining  surface  be  siifil- 
fient  in  extent,  and  that  the  ajieecl  of  tlie  wind,  or  the  s[>ced  of  tlie 
^roplaoe,  shall  be  ahoiit  :;2  inik's  per  hour. 

The  problem,  thns  broiidly  stated,  leads  to  Home  enrioiw  eotiseijiu-nves. 
Eventually,  when  suecess  is  achie\'e<l,  we  shall  |>erhaps  be  quite 
surprised  to  nee  some  secoii<l-haiid  apparatus  (tirciilatin);  in  the  air; 
some  teroplanes  full  of  holes  atnl  rents,  t>iitched  np,  dama^d  and 
mended,  holding  t«;;ethei'  by  the  cratie  of  Provident*,  and  yet  gliding 
along  after  a  fashion.  These  will  not  be  the  best  to  resist  the  vicissi- 
tudes of  the  wind,  but  they  will  get  along  just  the  siiuu-.  Now,  what 
is  theproof  of  thisT  I  have  conferred  ]il>erty  ui>on  kites  iind  upon 
Egyptian  vidtnres  whose  Hying  snrfiicea  were  iu  deplorable  eoudition; 
some  with  wings  almost  plucked  to  bare  ]k>Ii's,  some  with  a  wing  and  a 
half  only  (this  lack  of  counterpoise  iu  iheir  sustaining  surfacies  trou- 
bles them  greatly).  [  remember  a  )mrticu1ar  pehcan  who  glided  upon 
an  incredible  pair  of  wings.  He  had  lost  six  or  seven  primary  feathers 
at  least,  and  the  rest  of  his  plumage  was  far  from  complete.  Yet, 
when  the  wind  blew  fresh,  he  launched  out  from  Hlo]unggr(Hnid  aiul 
sometimes  succeeded  in  getting  under  way.  Onw)  fairly  up  iu  air,  he 
became  most  surprising.  Gliding  upon  his  ragged  wings  he  would 
skim  within  a  yard  of  the  observer,  his  iieek  bent  back,  his  hejid  rest- 
ing upon  bis  shoulders  with  an  air  of  supreme  imi>ei'tinence.  lie 
vonld  go  out  for  a  tonr  over  the  sea,  would  eome  baek  to  inspect  the 
market,  and  complete  his  perigrinatioiis  by  settling  down  on  the 
waves.  A  most  curious  thing  it  was  to  see  this  erejiture,  which  was 
quite  tame,  pass  close  at  hand,  very  swiftly,  near  the  sj)ectators.  He 
produced  a  strange  sensation  by  gliding  by  with  ease  and  no  exertion. 
It  was  a  foretaste  of  the  pleasures  of  lerial  sjteed — a  sort  of  class-room 
gliding,  in  which  the  bird- professor  was  tciudiing  the  bchohh'rs  the  art 
of  sailing  tligbt. 

After  all  these  digressions,  the  main  question  which  comes  up  is  the 
following:  What  is  the  least  surface  reouired  to  sustain  a  man  and 
apparatus,  weighing  176  poundsf 

The  exact  answer  must  be  ascertaine<l  by  ex]ierimeut;  but  we  may 
even  now  say  that  it  probably  will  astonish  by  its  mediocrity,  ily 
own  idea  is  that  82  square  feet  will  sulllee,  as  n  miiutuum,  to  sustain 
lt6)Hnuids  in  sailing  Diglit. 

Spectdationti  as  to  results — After  having  discussed  the  benefits  to  be 
derived  from  the  conquest  of  the  air,  let  us  now  consider  the  jiertnr- 
batioiis  which  it  may  cause.  Let  us  see  whether  there  is  not  some  blot 
on  the  other  side  of  the  shield;  for  so  important  an  achievement  as 
this  new  mode  of  locomotion  can  not  take  place  without  producing  dis- 
*"^»"«=8-  D,„,„ze.b,GtX>glc 


462  THE    EMPIRE   OF    THE   AIR. 

Let  118  admit  that  the  prohtem  in  aolvcd,  iiiul  h*t  us  speculate  uixiti 
the  eflfeet-s  upon  society.  Let  us  beg;iii  with  property.  Property  will 
be  riven  with  an  eiiorimms  gap.  With  th<!  patent  iiisuffieiency  of  in- 
vlusnre,  witli  iiitnisioii  into  the  privaej'  of  lionie,  heil^os,  walls,  will  no 
lontj^er  be  of  service;  the  im^losure  umler  Ihc  roof  will  be  incDinjileti- 
and  will  nved  c-niondittion.  All  this  will  constititttt  a  curtailment  of  llic 
privileges  of  possession,  for  ii  little  (ionsideratiou  e\'i<lenees  the  iliiDiu- 
iiiished  efficiency  of  barriers.  Wo  shall  no  hmger  hv  at  home  us  here- 
tofore ;  there  is  no  need  to  dwell  on  this,  it  is  easily  giasgiod. 

But  what  of  the  colleetoi's  of  enstonis  and  tlie  police  in  the  presence 
of  this  new  mode  of  locomotion!  Tliey  often  fail  to  control  existliie 
ways  of  comnuinicatiun  which  ueverthelesH  are  upou  well-deSne<i  lioi^ 
where  all  must  pass  and  are  easily  inspeeteil.  What  will  these  officers 
do  when  they  must  wat<;h  the  air,  that  immense  piithway  some  4  ur 
5  miles  high!  During  the  day  it  may  !«*  jtossible  to  fancy  some 
l>artly  satisfact^iry  surveillance;  with  a  large  fon-e.  good  tele.s<«)|i»-s, 
fast  cruiwtrs  of  the  air,  we  might  peihaps  exen^ise  some  contnil,  but 
at  niglit,  wliat  is  to  Ih^  done!  How  can  we  bar  the  empire  of  ak'. 
How  can  we  so  much  as  wati;li  it  when  opaque  fog  annihilates  the  pf 
fects  of  elei^tric  reflectors!  Smugglers  will  certaiidy  have  such  ftitiii- 
ties  for  plying  their  industry,  that  the  only  thing  to  do  will  be  to  nuiv 
pi-ess  the  ('ustom -house  entirely. 

But  then  what  will  become  of  the  revetmes  and  the  balance  of  tlie 
budget !  These  pertiirhatious  to  property,  to  the  customs,  to  the  po- 
lice, are  mere  bagatelles  when  compared  to  the  perturbations  wliicli 
will  result  in  i)olitii;al  matters.  After  all  there  may  be  found  in  time 
means  more  or  less  sufHcient  to  supervise  the  transi>ortation  of  goods; 
men  will  become  aeeustomed  to  the  new  limitation  of  privm^y;  hut  as 
to  political  matters  we  shall  lind  ourselves  in  tlie  presence  of  nueh  fa- 
cilities for  confusion  that  the  like  has  not  been  seen  since  the  ^^we^  "f 
Babel. 

What  will  become  of  the  army,  this  new  invention  being  succt^ssfiiM 
All  will  have  to  be  done  over  again;  the  fortifications,  the  man<eHvers, 
the  defenses  of  the  frontiers,  strate-gy,  all  is  brought  to  naught.  It 
will  even  cause,  iu  a  very  sliort  time,  the  suppression  of  nationalities: 
races  will  be  rapidly  commingled  or  destroye*!,  for  there  will  i!o  lonpr 
be  efiBcient  barriers,  not  even  those  movable  barriers  which  we  term 
ainiies.  No  more  frontiers!  No  more  insuhir  secbisioii!  So  more  for 
tresses !   Whither  ai-e  we  drifting ! 

It  must  be  confesH-d  that  we  arefai-e  tofai-ewith  thegi-eatiinknowii. 
What  will  be  the  result!     Will  society  perislit    Assuredlyno! 

As  to  the  proceilure  that  society  will  adopt  to  conform  to  this  uew 
mo4le  of  existence  I  have  not  the  least  idea,  Init  it  may  be  aftirmeJ 
that  society  will  emerge  victori<m8  I'nmi  the  strngale;  that  after  tlie 
temi>est  caused  by  injured  interests  a  period  of  restoreil  etjuilibrinDi 
willfollow;  andthatintheendattliecostof  atimeof  distressjmmunity 
will  enter  into  posaessiou  of  theempire  of  the  air,  (.jtwolc 
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Thus  we  may  recover  «ur  c<iuauitDity  irnd  call 
Bibility  of  suci'ess.  We  may  priM-eeil  towanl  ttia1 
wbich  is  the  immeasurable  law  of  iiatare  and  \rli: 
for  human  progress  in  syDoaymoiiei  with  wdlai-e. 

Finally,  I  coan»el  the  greatest  gxisMible  prudeit 
take  to  solve  the  pi'oblem  of  sailiufr  Hi^ht.  Let  t1 
all  the  pauses  of  at-cideiits  which  it  is  jmsi^ible  to 
liaveuiiide  this  canvas.-s,  oiu-e  they  have  coiniileN 
recommend  them  to  act  with  energy  and  will.  an< 
word  to  say  to  theui  than  the  one  with  whicti  1  be 
"Osei!" — daring  winn. 
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PROGRESS  OI'  ASTIIUOrOLOGY  IN  1892. 
By  Prof.  Otis  T.  Masun. 


Antlii-oiiology  lias  busied  itself  wiili  the  iaulti))Ucatioti  of  societies, 
jttunials,  coiigrest^tis  aud  utbvr  means  of  co-oiterative  work,  TUe  bene- 
fit of  this  is  seen  in  many  ways;  it  prevents  dnplii-ation ;  it  puts  ma- 
tmalwliere  it  should  be  lookud  for;  but.  chief  of  all,  it  enables  men  to 
undertake  enterprises  that  are  entirely  beyond  the  capacity  and  the 
resources  of  individuals.  The  increasing  favor  of  the  science  is 
obser\'ed  iu  the  fact  that  most  of  tbe  lending  governments  have  at 
tpeat  expeuse  organized  explorations  and  studies.  "  The  year  1892," 
said  Prof.  Miwalister  before  Section  H  of  ttic  British  Association,  "has 
uot  been  futile  in  discoveries  bearing  on  those  great  questions  that  are 
of  popular  interest.*'  Indeed,  there  has  been  a  growtli  of  wholesome 
ilnubt  oil  questions  concerning  which  men's  minds  were  thought  to  be 
sfttled.  This  will  be  seen  nn»st  apparent  in  the  arcbieological  area, 
esi)ectally  iu  America.  The  e<C)i  mi  nation  of  ancient  corner  stones  and 
rouudatious,  the  clearing  away  of  eucnniberiug  materials,  are  prepara- 
ti)ry  ti)  the  strengtiieuing  of  the  structure  at  every  i>oint. 

The  American  Association  for  the  Advancement  of  Suience  was  held 
iu  Rochester,  N.  Y.  As  usual,  the  science  of  anthropology  received 
a  larger  amount  of  attention,  even  outside  section  H.  This  faut  is 
uiiticeable  espei'ially  in  the  large  niimber  of  papers  devoted  to  domes- 
ticated animals  and  plants. 

The  address  of  Vice-President  Holmes  bad  fur  its  topic  "  the  evolu- 
tion of  the  asthctic."    The  following  papers  were  read . 

Pniposeil  duHsiHcatiim  mid  interuatiiiu:il  iiouiondatnre  of  aiitUropulugic:  sciences, 
1*.  (J.  Briutoii. 

Tnuyaii  lej(emls  ol'tlie  ijnuku  uiiil  Ftnt;-  puoiili',  Malildii  <'.  sri-veuaoii. 

Primitive  iiirti'ters.vstciiiB,  L.  L.   Cnuuiir.  , 

The  PeaUodf  Miinrnm  lloniliinw  >-x]io<Iilii)n.  F.  W.  rutii:>iri. 

Uxploratiim  of  the  raitlii  ntnicturc  nf  Copuii.  liuailurHs,  M.  It.  Snvilliv 

Viitidiili^Qi  among  the  nuliqiiities  uf  Yucatan  null  (.'rnlriil  Amurica,  id. 

Alieri^liuul  cjuurrita  of  lliikublii  stoiin  and  IheJr  beuriuj^  iipou  the  i|ncHtioii  uf 
pal^i'otitbic  man,  W.  H.  Hulnies. 

Sacteil  iiipcitone  qaairies  of  Miiinnsoia  iniil  aiirieiir  copper  lujne*!  of  l.ako  Sn- 
perior,  id. 

On  tiie*ii-i-iilleil  j>al»MiUlliic  iiiiiilcmt'ols  of  tlio  upper  MiruisHiitpi,  i'l. 

UtiBf  remarks  upou  tbo  al|.li:vltL>L  of  Uiimlii.  U.  T.  (.'renv.ii.  .  -  ■ 
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ComparatiTo  chronology,  W.  J.  McGoe. 
The  early  reLlgions  of  the  lroi|iioiB,  W.  M.  lii'iiiicliump. 
Early  IndJaD  forts  in  Nenr  York,  id, 

Probistorio  earth iroiks  in  Henry  Coaiity.  Inil..  T.  B.  ReddiUK- 
PrebiBtoric  objects  from  the  WhitewattT  VnUoy,  AmoH  W.  Butler. 
Indian  eamping  Bites  near  Riuokville,  Ind.,  id. 
Earthworks  near  ADdersoii,  luil..  id. 

Pebbles  ebipped  by  laodem  Indiana  as  an  aid  to  tlie  Hlud;  of  the  Treutoii  ^tcI 
implemcuta,  H.  C.  Merr«r. 
Ancient  earthworks  in  Ontario.  C.  A.  Hirschfelder. 
Prehistoric  trade  in  Oiitnrio,  irf. 
Furt  Ancient,  Ohio,  S.  S.  Scoville. 

Copper  implements  nnil  ornaments  fmiii  the  llopi'well  k'^kI''  I^OHn  Coniity,  ofaio; 
W.  K.  Moorehead. 
The  niins  of  southern  irtab,  id. 

Di-monst  rat  ion  of  a  recently  diHrovered  cerebral  porta. 
Pueblo  myths  and  rt'remonial  daucce.  F.  H.  Cushing. 

Ancient  hearth   in  stratilii'd   gravels    on   Whitewater    Kivor,    Imliaua,   A.  W. 
Bntler. 
Skull  of  a  piK  hanng  :iu  arrowhead  itubo<bled  in  the  bouu.  H.  W.  C'laypote. 
Rnins  of  Tiahtianaco.  A.  K.  Douglas. 
Involuntary  movements,  .losepb  J  astro  w. 
Pottery  from  a  mound  in  Peoria,  III..  J.  Koot. 
A  doBnition  of  anthropology.  (>.  T.  Maaon. 

The  Department  of  Anthropology  Dl  the  World's  Columbiiiu    Exponltioii.  K.  W, 
Putuiani. 
Model  of  sorpeiit  nionnd.  <ihiii.  i<l. 

The  address  bi'fore  Section  I  by  its  vice-president,  Lester  F.  Ward, 
should  uot  be  overlooked  iii  this  coiiiuK'tioii.  The  subjeet  is,  "The 
psycholofjie  basis  of  wx-inl  ecoimmics.""  The  active  co-operatioo  of  Seiv 
tioii  II  ill  aiithi-oiMilogy  at  the  World's  Fair  was  secured,  and  tbf 
association  was  atUouriied  to  Madison,  Wis.,  so  as  to  l>e  near  the  city 
ofChieago.  Plans  were  laid  to  have  the  Association  and  the  Congness 
of  Anthropology  eontinnous. 

At  the  Briti.'ih  Assoi-intion  for  the  Advaneenient  of  Science,  held 
in  Edinlmrgh,  Aiignst,  lfi[)'2.  the  following  eonnnittees  reiH>rted  vork 
done  idong  the  lines  id'  AnnTicjni  anthrup«log>-: 

"  "  *'  "        "—''ti'*'  api>ointed  for  the  pni^ise  of  inlitiug  a  new 
;ical  Xotes  and  Qneries." 
ee  for  investigating  the  rnins  of  Mashonalaud 
inns  of  the  inhabitants. 

tee  ap|Miint4^I  to  rei>ort  on  the  prehistoric  and 
norganshire. 

committee  ap|>ointed  to  investigate  the  physi- 
cs, and  indnstiial  and  social  condition  of  the 
the  Hominion  of  t'anada. 
■ethnology,  iutrotluclory  to  the  rci»ort  on  the 
xilheastern  Itritish  Columbia, 
ay  Indians  of  S.mthca.stern  British  Columbia. 
c«'  api>oitititl  to  investigate  the  habittt,  ciistums, 
and  ivligions  of  the  natives  of  India. 
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Report  of  the  committee  for  the  puriwae  of  carryiug  on  the  work  of 
tbeantliropometric  laboratory. 

TLe  address  before  Section  U — Anthropology — was  delivered  by 
President  Alexander  Macalister,  M.  D.,  f.  b.  8.,  professor  of  anatomy 
iu  the  University  of  Cambridge. 

The  followinj;  papers  were  read: 

(1)  On  th»  urganlzntioD  of  local  nutliropfl logical  rcMaroli,  by  K.  W.  Brftbrook. 

(2)  Discovery  of  the  common  occnrrenre  of  palipolitbic  neapous  in  Scotlaad,  by 
R«r.  Frederick  Smith. 

(3)  Not«s  on  Cyclopean  archilei-tiim  in  tb«  Soutli  PariHc  TBlAndx,  by  R.  A.  Stern- 
AHf. 

(I)  Od  a  froDto-limbio  formation  of  the  humon  cerebrum,  by  Dr.  L.  Manouvrier, 
pTormsoT  at  tbe  School  of  Anthropology,  Paris. 

(5)  The  Inila-Eiitoppana'  conceplloii  of  a  faturc  life  and  its  bearinK  upon  their 
ttlipona,  by  Prof.  G.  Hnrtwell  Jonea,  m.  a. 

(E)  Eihibition  of  photographs,  weapons,  etc.,  of  the  Toba  Indians  of  the  Gran 
Chara,  by  J.  Graham  Kerr, 

{I)  Eihihitiou  of  pre-pnleolithic  flints,  by  J.  Montgonierie  Bell. 

(8)  The  present  inhnbltuntsofMiMlionalandaud  tlieir  origin,  by  J.  Theodore  Kent. 

{»)  On  tb<i  value  of  art  in  ethiinlocv,  by  Prof.  A.  C.  lladdoii. 

(10)  Similarity  of  certain  ancient  iieoropoluU  iu  the  I'yreneea  anil  in  North  Brit- 
lio.  by  Dr.  Hhen^,  ¥.  s.  a. 

(II)  A  contribntion  to  the  ethnology  of  Jersey,  by  Andrew  Dunlop,  m.  d..1'-.  o.8. 
(13)  Ou  the  pant  and  present  condition  of  the  natives  of  the  t'rieudly  IslaniU,  or 

Touga,  by  R.  B.  Leefe. 
(13)  Damma  Island  and  its  natives,  b.r  P.  W.  Bassett- Smith,  Hurgi'uu  R.  N„  v.  r. 

(A  discussion  on  aDtliropomelric  idcntitication  wuh  o]>eneil  by  Ur.  L.  Manouvrier, 
ofPariH.) 

(U)  fiomo  developmental  and  cvoln1ioii]il  usperlH  of  criminal  anthropology,  by 
T.  S.  Clcm.,tOD,  M.  B.,  F.  n.  s.  K. 

(15)  On  n  roiffnre  from  the  South  Si-as,  by  Sit  W.  Turner. 

(IS)  On  the  aitirulnr  prooceses of  the  verlelirie  in  the  gorilla  compared'  with 
ilione  in  man,  and  on  coeto- vertebral  variation  iu  the  gorilla,  by  I'rof.  Stnithers, 
a.  v.,  LL.  i>. 

(17)  Ou  the  probable  dcriratioii  of  sonic  characteristic  souuds  iu  ccrtaiu  lan- 
tpiagM  from  criee  or  uoisoH  moilt-  by  animals,  iiy  J.  ManHcI  Woiile. 

(18)  Ou  tho  prehensile  i>owi-r  of  infanU.  by  Dr.  LoniH  Robinson. 

(19)  The  integumentary  grooves  on  the  palm  of  the  hand  and  sole  of  the  foot 
if  niKn  and  tbe  anthropoiil  apes,  by  David  Hepburn,  m.  i>.,  c.  m.,  f.  k.  f.  k.,  senior 
rleuMinitrutor  of  anatomy,  t'nivcrsity  of  Edinburgh . 

(20)  On  the  contemporaneity  of  man  and  the  nioa,  by  H.  O.  Forbe«. 

I'-ii)  A  disonssion  on  liitinan  oste<iinetry  wan  opened  by  Dr.  J.  (i.  Garson. 

(*J2)  Kxhibition  of  coniiiositii  photographs  of  I'nitcd  States  soldiers,  by  Dr.  J.  O. 

(23)  Observations  as  to  physii-al  deviations  from  the  normal  as  seen  among  50,ilu» 
fbildren.  by  I'rancis  Warner,  si.  ii. 

(24)  On  the braiuof  the  Australian,  by  Prof  A.  Macnlinter. 

I'Si)  On  hIeqIIb  from  Mobanga,  l.'pper  Congo,  by  Prof.  A.  Macalister, 

<36)  Ou  homo  facial  charicleiH  of  tbe  ancient  Egyptians,  by  Prof.  A.  Hacalisler. 

|2T)  On  some  very  ancient  tkeletonx  troiu  Medum,  Egypt,  by  J.  O.  Garsnu,  m,   i>. 

(28)  On  aakull  ^m  Port  Talbot,  lilaniorjaii shire,  by  C.  Pbillipi,  b.  a. 

(29)  Ou  trepanning  thi  bnmnii  skull   iu  preliistoriu  times,  by  Robert  Huuro,  m. 
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(30)  Ou  tLe  iiH«  of  uarcoticN  by  the  Xic^ubar  I»lHn.'.er«.  nud  certain  <lefotiDitiou 
ruDncct«<l  ttieTevritli,  by  K.  H.  M&u. 

(31)  Exbibition  of  the  philngritph — u  simple  uppamliis  for  the  ptepu^tiun  of 
lecture  disgrania,  by  (i.  W,  Bloxaro,  H.  A. 

(32)  Kxblbitiou  of  pbotograpka  representiDg  the  preheasile  |M>wer  of  iu&Dt*,  lij 
L.  ItobiDKOn,  M.i>. 

Tbe  strong  i>oitit  for  nntbropology  in  tlie  BritUli  Asaociatiun  h  its 
einitieDt  committees,  which  have  guided  exploration  in  many  directions. 
Ill  tlie  Freiirh  Association  Tor  tbe  Advant^emeut  of  Science,  heldatPau 
under  tlie  pi'e^iidenc.y  of  Dr.  Magitot,  3ept6inher  15-21,  the  foUowiup 
paiiei'H  on  the  jtmgrani  nre  of  interest  to  anthix>)>ologists  in  general: 

Atlliiitiw  belwei'ii  the  Itaniiie  Iaii)(uag<i  ami  i^ertnin  idioms  of  tbe  two  contiuenb 
Cbareni^y,  Vinson,  Manouvrier,  Axeitin,  <iiLilIilH-aii,  Guido  Com,  au<1  Dodgsoo;  Lit 
TitlKanrn,  tiuiilo  Corn:  archiHuhigy  of  tbe  I'yreDoCH.  Cartailbac;  clepupulation  ut 
l''riiu<'e,  UbotTiii;  priibUturir  ttniln  iu  tli»  valley  of  tbe  \4tir«,  Qirod  et  Muacmr; 
iiiithropoloKy  Hiiil  the  aTcbirology  of  the  Pyreueen,  a  discuBBlou,  propoaed  by  II. 
rivtto;  Lo  Tuukin,  Biirbler.  Tlu'  i|iu'Stlon  of  the  Ituaiiiiea,  thair  anlbropologinl 
I'liai'tu-ten,  thoit  liiatory.  IheirlaUKuaK^,  their  traditions,  aud  folklore  consnmedlk 
bulk  of  tbe  time. 

Tlit>  twenty- til ii-d  annuul  session  of  llii^  Cieruian  Anthropological 
Hoeicty  was  held  in  I'liu.  August  l-.'t.  The  following  ioiimrtant  mat 
tei's  were  discussed: 

Km  Hlld  n»»  Sibwub^nx  Voneit,  K,  von  Ttultsrb. 
WInsouKi'baflliilK'T .lHlire»U-rit-bt.  J.  Kanke. 
Hie  Scbi'iilel  v<iii  C'linuHtiidt  mid  Nciin  iter  thai.  v.  Holder, 
pie  Dill liTopob  11(1  HI' b«  Stellnut;  ili-r  Jiiileu.  ]''.  vim  htiKcbaii. 

Iiiu  MeuHehetiTuwi'ii   KuroiiHB  niul  itiu  Frajco  umh  iler  llerkiiiift  der  Ariel,  J' 
Kolliiiniiii. 
AiiIbro]HiIof:i<-'>'bi-»  nti!'  Malaei-u,  K.  Vlrcliou. 

The  tleriuiiii  Authix)[>ological  Society  devotes  alt  its  time  to  this  one 
HubJ^t't.  Ill  tht-ir  national  nnigress  of  natunitist.s  and  physicians, tofHC^ 
I'i'lating  ti»  man  ai-c  also  discnssetl  by  tiennan  Anthropologisbj. 

At  the  eleventh  session  of  the  congrt's  inteniatioiiaux  d'arehfologie 
preliistoriipu^  ct  iriiiilhroi>ohigio.  convened  at  Moscow,  the  foUoirint: 
papers  were  i-ead : 
Wbm  is  IlK'iiiiwt  Hm-ieiitrui-e  of  central  Knusiiit     Anatole  BogiUnov. 
'I'lie  ia*i-K  of  men  in  KiiTO)n>  and  tb?  Ary.in  iiiif'srion.     I)r.  Kullmaau. 

Tl nlbn>)Hiiiieiriv  i.v|h's  of  KTcai  Kii^iiaii^  in  tbei-entml  ncvverDmenta of  Rnui*' 

/...«.  1.1. 
New  .lawiHoatiim  of  binuau  rni»i«.    l-r-.f.  fiersi. 

:1a  ill  U'liisiii  urlitiiially  ilffomutl.     l>r.  .in on Ir bine, 
iiitlinipuiui'iry  of  |>(«pl<«  of  TmuKcaiimeia.     Ernest  Cbantrs. 
»dMd>.     I'uidToi'iiiHnl. 

n'tonniil  noiupn.ltttim-  of  the  iMvpleaof  A,*i».     Erneett'haoln! 
iiu'IIiihIs  pni'ii.-vd  in  Kn»ia.     A^raf. 

i.-i.-'ifiMi'i's  wei-v  np)HHntetl   during  the  congress,  upon 
II  nnthi-oiMntietry.  and  on  the  uomeDolature  of  thepeo 
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The  first  named  nr.dflr  the  chairmausliJi)  of  Vircliow,  imported  at  the 
meeting,  ns  follows; 

,  I.  Norma  or  orienlalion  0/  the  »kvUi,  T.ach  ono  in  free  tu  takti  tlie  odp  wliicli  lie 
pNfert.  The  iiorjiut  horiioHlalii  or  auHculo  orbilairr  in  reronimeudeil  for  ilrHwiogH 
and  for  pbotograptui. 

II.  Great  diameleri.—The  maiimam  Imigtii  iiml  Ibe  laaxjmnm  lriinnvere  wi<ltli 
■feording  to  the  Frenrli  method  are  adopted  to  the  excIuHiou  of  other  nualogons 
diuaetera.     Whenever  these  Ia«t  are  employed  they  tiiiist  be  annouDi'fd, 

m.  Froatal  diaiMten. — To  theininimum  frontal  widtb.  adopted  only  iu  Germany, 
it  added  the  maxininm  width,  wliirb  oaght  to  he  measuriMl  <>u  thl^  Stoplianio  jioint, 
ofBTOca. 

IV.  Total  htighl  0/  the  nitnt).— This  uieasnce  cbonld  be  preserved,  Init  it  ought  to 
be  takoii  or  it  will  fall  into  iliauHe. 

The  committee  prefer  for  this  purpose  the  compass  of  Virchow.  If 
this  instrument  is  not  adopted  the  legs  of  Bi-oca'a  slidiiif;  (tompasH 
mnst  be  lengthened.  The  utility  of  this  modiHcatioii  is  iierceiveil  in 
mensurations  on  the  living.  It  is  only  with  a  conipasK  with  long 
branches  that  the  total  height  of  the  skull  can  bo  t)iken  throngh  the 
anricnlar  p<iints. 

V.  Tliecurra. — llie  cnrvea  nniat  be  tiikeu  with  a  Hteel  metrii'  ribbon.  The  hor- 
inmtdl  ithoald  v»8B  ai'oand  the  Hii|irit('i]iary  artbpa  ami  the  niont  Hnliont  points. 
The  tranaverBe  by  the  nnilitorv  npeuinga  and  tho  bregma. 

VI.  Tkefacr. — Thewiilthon<r|it  to1>e  tnkeiinoloDgcrun  tbiijngoniitxilUry  sittiiren, 
bnt  npon  the  two  points  that,  u'lve  tiio  inaiimnui  widtli.  Thn  liei)j)it  of  tho  tntxion 
onght  to  l)e  taken  nt  thv  npper  niveoliir  point.  Tlie  total  height  of  tlio  nasioD  nu 
the  mentADal  pointa. 

VII.  The  orbili.—Tbn  diameters  of  the  orbit-s  ought  tciI>i>nieiiMiiritiloii  Mie  intrriiat 
borders.     For  the  widtli  the  dai-rion  shoiiiil  l>e  abandvnei!. 

VIII.  Theopbrlo-naso-Hlveularnngleonght  tolietaheti  witb  liie  facial  goniometer 
offiaiike  or  with  that  of  Itrorn.  In  this,  rh  in  nil  mi'iinnreH,  the  iiintrnnients  ami  the 
nictbods  Bboiild  lie  Hiated. 

In  his  paiier  before  tiio  tentli  miigretw  of  ivrcliieoiogy  and  aittluo- 
pdiogy,  Ernest  Chaiitre  intuitu  11  re])ort  on  the  uiensnrumeitts  of  the 
peoples  of  the  Caueiisu8,  of  whi4^1i  tlie  following  is  The  iibstrm-t : 

<1)  ArmeniouN,  brown,  braehyeephaloiis,  niesoproaopic,  le|>torrliine,  anil  nbuve  tho 
medio  m  in  statnre. 

(2)  Aderbeijauia,  brown,  dolichiH'ophalouH,  doliclioprimopii'.  leptorrhiiie,  and  above 
tbe  medinni  stature. 

(3)  Kurds,  generally  brown,  with  elongateil  faces,  eyes  never  bridged,  dolicbo' 
nplialoas,  leptorrbine,  and  above  the  inedinni  stuture. 

(4)  Alssori,  brown,  iiltra-bracbycephiilone.  There  is  alxo  to  lie  reinarfce<l  nmoug 
them  mesoproHopisin,  leptorrhinism,  and  a  statnre  below  the  mean. 

IS)  Tattjiks,  very  brown,  mesopnmopic.  leptorrbiue,  dollchot'ephalie.  tail. 

(6)  Radjemi  Persians,  very  brown  also,  leptorrhine,  do1i(-hoc«phulir.  iloliebo- 
prasopic,  and  of  meilium  stature. 

(T)  Jews,  inedinni  color,  nltra-brocliy cephalic.  They  are  distiuguislieil  by  their 
aiMopTMopism,  their  leptorrhinism,  and  medium  stature. 

<8)  Tlie  Afghans  are  brown,  braehy cephalic,  nicHoprwtopie,  leptorrhine,  and  tall 

(8)  Tlie  KalninctcH  arc  brown,  mesorrhine.  The  eyes  are  bridged,  the  face  wrilc 
They  arc  brochy cephalic  and  of  stature  above  the  uiuan. 

(10)  The  Lesgbians  are  chestnut  in  color,  ultia-bracby cephalic,  meaoprosopio, 
hptonbine,  and  very  tall. 


:.  M.  Stoopi 
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'!•**■:•  :  '  i*.-  -.  ti-..i  "7  r  ^  '.t  *T>Ki:ir:i  :iie  ExiMkutioii  to  l** 
'I'''-''^-— "**»"-■*■?- r.- .' ;-—r.  :.  .■  .  tI- ETpiv^tioo  portion ordejiart' 

(ft  m'it^  Ut  ni't.',  ^;;  .-<.r.r-<.-:*  ::  wa-  ^rr^u^inl  that  ibe  fitst-uamoi 
iU'\>Uy  *i^mUl  «-t  ft,nU  t:.«r  r—rf-an-*-  »:..!  iiwlboil^i  of  the  Governuieiil 
tu  Hie  (««»«-iiti„(,  <,r  ai,ji.r..j-.l..u'i«-il  wort.  Tlie  completion  of  the 
I'H-Mi  Dtii/rii.tii;  ni;i]i  fiinii^lred  the  key-note,  and  all  the  uatioiial  ei- 
)mMU  ni-ti'  w-r  nji  ;tiiiiirt(l  the  ideii.s  there  s«-t  forth. 

'(("■  (i)i'Ji  iini'ii-ti  hy  )h«  Department  M  was  of  antoch  wider  ticop*- 
}'ttiiiutli'  Hwi  ftirirtJoiial  itiitliropolugy  were  to  have  the  widest  n»ff' 
mill  Ittln'-iri'  Jivlr.K  (»<«t|ili't  wert- to  encamp  on  thegronnds  togiveem 
pIlMl*  1*1  l-hw  «'«hiWl»..    A  w'lwrute  building  waa  provided  for,  in  which 
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ihe  phases  of  tbe  subjt^ct  should  W  Nepiirat«-l,v  treated  mid  the  different 
coantries  might  make  tlieir  displays.  The  following  is  the  Kchcme  of 
the  display : 

GKori'  ir«. 

V1KW14,    FL4NH,    OR     MOD]$lJ«.     OK    rRK-ItISTOIII|-     AKCiriTKlTl'KAl,    MONX'MKNHS    AND 
IIAniTATlDNH. 

(Jliui9S9. — Cdvch,  DAtnral.  attiticial;  dwelUu^,  natiirut,  artiHviul. 

('Ism  S40. — Lariiftriiie  ilncIliDgH,  ilolpieiin,  Inmuli,  nieiil 
ciipstonea,  graves,  cists,  creiiiatiirieH. 

Data  94/ .— Clitr  uud  olliir  ilwotliiigs.  mnilela  of  ilw»]l 
vonrtB,  hatx  (i>f  Uark,  srass,  «te.,).  otoihUii  bonacK. 

ClaH  942. — AppurtensDces.     Sweat  houses  (models),  lui 

Groii"  160. — FiimiiiirB  nuil  clotIiiii({  of  aburiginal,  ii 
dvilizeil  races. 

C}at»  04.1. — Hoiinekold  uhsiisils  iind  fiiruitnre. 
Clan  &44.—.\rt\iAe»  BiTvinK  in  \iati  of  narcotics. 
i'tiut  94': — Artii-I«B  UHet)  in  tniDBport-itiuu. 
Clans  94'i. — (.'lutbin;;  unil  uiliirDlui'iit. 
CiHOLP  t»l.— Iniplvuieiits  of  war  niiil  tlio  •liaHe. 
Groi'i-  162. — Tools  ami  iiupleiiitiiitH  of  iuilustrial  operntioiis. 

f'lme  547. — Oatlierini;  nu<l  st'>riii)(  foud  vtber  tlinn  game.     WbIit  vi-shi>1s. 
Vlnin  9J<4.- -Articles  useil  iu  cooking  >'n<I  entiiiK. 

Clatg  94.').— ApparutiiH  for  inakinK  clothing  mid  omniiiimls  oiiil  of  weaviiit:, 
Uitoi  1-  163.— Atblntic  exen^isi-H.     (inimw. 

Groii-  161.— (Ibjuctsuf  spiritual  signilii'iiiiri^  ntid  vi-ticralii.ii. 
(JKi'tP  165. — Jliuturic  arcliiw>logy. 
Okiii'i-  166.— Models  of  aiicii'iit  rrasvl". 
Group  167, — RB-prinliictioun  of  anrirnt  tuu|i». 

Gnot'P  168. — Ancient  bniMings,  citieH,  and  iiionnments  of  tbe  piTinl  anterior  !« 
the  Discovery. 
GKurp  169.— Habitations,  etc.,  built  since  tlie  IMscovcty. 
GROrp  170.— OrigiiiBlB,  uopies,  or  nioiluls  of  notJililn  invent  ions, 
Ghoi'p  171. — Aniolioratiouof  lifennd  liibor. 
Grovp  172.— Woman's  work. 

Group  173. — State,  national,  and  furoiKn  government  exhibits. 
Group  171.— Tlie  North  American  ludinns. 

Group  175.— Portraits,  biixts,  and  Nlatm-s  of  gn-iit  invontort  mid  iH'tie factors. 
Orol'p  176.— Isolated  and  collective  exbibitn. 

By  act  approved  May  2,  1H92,  tbe  Congress  of  the  United  States  aa- 
thorized  a  represeutation  iu  the  M\iK>sitir>ii  of  Madrid  to  coiumeniorate 
the  quadrocenteiiuial  of  tlie  discovery  of  Auierit^a.  The  various  De- 
partments and  tbe  Natioual  Mnsi;am  were  uuthorizeil  to  participate. 
In  addition  to  this  Government  display,  the  Henicnway  Expedition,  the 
Peabody  Museum,  the  Uiiivetsity  of  Pennsylvania,  the  Academy  of 
Natural  Sciences  of  Pbila(Iel[)hia  took  part  in  the  exhibits  from  tbe 
United  States.  The  South  American  republics  were  well  represented, 
as  well  as  Mexico  and  Central  America,  The  Kxposition,  lasting  six 
months,  was  held  in  tbe  new  musenm  and  library  building  in  Madrid. 
It  afforded  the  rarest  opportunity  of  bringing  together  a  great  variety 
of  art  prodncts  from  the  two  Americas.  r:j  zectyGtlC^lc 
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A  great  deal  of  the  material  moiiDted  in  Waaliiugton  for  the  World'x 
Fair  iu  Chicago  v/aa  exhibiteil  in  Madrid,  adding  to  the  interest  of  the 
exhibit.  The  catalogue  was  prepared  by  >Ir,  Walter  HoDgb,  of  the 
U.  S.  Xatiooal  Museum,  and  an  accoQut  given  by  the  same  author  in 
the  American  Anthropologist  for  July,  1893,  271-277. 

Dr.  BrintJiQ  assumed  control  of  the  current  notes  on  anthropologj' 
in  Science  (New  York),  enabling  the  reader  to  profit  at  small  esiwnae 
by  a  vast  amonnt  of  researchi  e8i>ecially  into  European  literature  inac- 
cessible to  mo«t.  The  method  pursaed  is  to  devote  short  paragraphs 
to  the  comprehensive  statement  of  the  author's  aim  and  a  short  analy- 
sis of  the  work. 

An  extensive  catalogue  of  anthro2>o logical  literature  is  to  be  foand 
in  each  volume  of  Archiv  fiir  Anthropologie,  classified  as  follows: 

I.  Prv-hiatory  ami  Archaeology :  i.  Oermaiiy;  ii.  Aiintria;  III,  SivitzerliiDil:  IV. 
Oreat  Britain;  v,  Uenmark;  vi.  Swi-den;  vji.  Norway;  viti.  Fraoce;  tx.  Belgnnni; 
X.  Italy;  XI.  Amenca. 

II.  Anntflmy:     i.  1888;  ii.  1889;  iii.  1890. 

III.  Volkerkinido  (1890):  i.  Soiircw;  ii.  Etiiuology  (l:  Metboda,  hiftory  of  tb 
Bcience;  2.  General  aiithio|H)logy;  3.  Influence  of  rllinate  ami  cnvirnnmeDt;  J. 
General  sociology ;  5.  Special  sociolojiy). 

III.  Ethnography  r  i.  General  ethnography  ;ii.  Spechil  etliuogra] thy  (A.  Europe, 
with  ISHubdiviHJons;  B.  Asia,  with  13  diviaions,  each  witli  soverul  snlMltviHioas;  C. 
Auatralin,  with  4 divisioua ;  D.  Aftica,  witli9  <Iivieious;E.  America,  with  4 divisioml. 

IV.  Zoology:  Account  of  zoological  literature  in  connection  witb  ontbropnlogx 
for  the  year  1890.  (A.  ManimalH  nuil  hnman  remains  from  the  diluvium  anil  |>re- 
historic  times;  B.  ManiinalB  from  the  dilnvium,  with  no  near  association  with 
man ;  C  Mammals  from  the  TortUry  ntid  Mesuzoic  times;  D.  Recent  mammals,  bolti 
s.vHtematic  study  and  distribution. ) 

There  are  many  things  to  be  said  in  favor  of  the  classified  bibliogra- 
phy, but  the  tendency  nowadays  is  to  a  single  alphabet.  The  title  col- 
lection of  the  Archiv  is  excellently  done,  and  frequently  a  brief  review 
accompanies  of  great  value.  The  only  drawback  to  the  handy  use  of 
such  a  bibliography  is  the  impracticability  of  carrying  bo  long  an 
analysis  in  the  memory.  The  list  is  especially  full  by  reason  of  its  iii- 
cluding  only  works  that  are  two  years  behind  the  date  of  the  Arcliiv. 

I.  BIOLOGICAL  ANTHROPOLOGY. 

tzel'a  Anttiropogeographie  at  the  close  of  HWl 
'  its  second  volume.  In  the  first  volume  tLe 
I  the  elimatological  differences  were  discussed  as 
ried  forma  of  settlement  and  civilization  and  the 
nan  kind. 

!  is  devoted  to  bio-geography,  including  a  graphic 
itribntion,  a  sketch  of  the  peopling  of  the  earth  iis 
5  of  the  (Jri'eks)  and  the  effect  of  position  iiitWs 
;ond  part  of  this  volume  some  important  matters 
b',  the  significance  of  the  density  and  the  distri- 
B,  the  want  of  progress  in  some  peoples,  their  ex- 
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tiiictioa  whim  brou;;lit  into  cont!u;t  with  higher  culture,  and  their  aelf- 
nnnihilatioa.  The  earth  an  modified  by  huniau  action  is  an  old  theme, 
bnt  witii  the  new  ligiit  of  modern  science  the  books  of  Guyot  and 
Bitter  and  Marish  may  be  re-written.  The  iiutbor  of  thia  series  has 
qualified  himself  for  thi.s  task  by  a  series  of  lectures,  the  repetition  of 
irhich  has  made  him  quite  familiar  with  all  phases  of  the  subject. 

Anthropometry. — Dr.  R.  Gollij;non,  of  (Cherbourg,  France,  issued  a 
Projet  d'Enteute  Internationale  jiour  arri'ter  iin  Programme  Commun 
de  Kecherchei*  Anthropologiques.  The  object  of  this  projet  is  to  bring 
about  nniformity  everywhere  in  the  mutter  of  bodily  measurements. 
In  reading  np  the  action  of  the  several  national  associations  and  inter- 
national congresses  the  reader  will  see  that  the  old  struggle  for  agree- 
ment concerning  common  measures  and  method  goes  on.  The  convic- 
tion is  continually  strengthened  that  no  good  results  can  precede  such 
agreement. 

M.  Gtienne  liollet  published  in  Revue  Scientiflqne  iu  August  (vol. 
50,  p.  170-175)  a  tattle  of  coefficients  for  deducing  stature  from  the 
measurement  of  the  long  bones. 


1  Femur.  >    TlUift 


I 


1    i 


Multiply  the  length  of  the  long  bone  named  by  the  coefficient  iu  tlie 
table  tu  obCuin  the  stature.  The  worth  of  the  publication  is  greatly 
enhanced  by  a  multitude  of  references  to  authorities. 

In  Lis  work  entitled  V  llomme  dans  la  Nature  (Paris,  1S»1,  Balliere), 
Paul  Topiiiard  makes  the  following  rt^sume  of  his  studies: 

First  Sul)-arder —  Man. 

I  First  fnuiily,  Anthropoids. 
Setond  family.  Pitbocidie. 
.^ „ „.,  .  .„ ,,..  ■.  .j.j,j^  f^^^jjj,   c^hia^. 

[Foiirtli  farail;,  Arctopifheuidie. 
Tbird  Sub-order—  The  Lemurs. 

[.Vadtrc  Lond.,  Mar.  17,  1892. 

In  comparing  woman's  brain  with  man's.  Prof.  Crichton  Browne  con- 
flrms  the  inferiority  of  the  former,  amounting  to  thirty  grammes,  cor- 
rection made  of  the  coefficient  of  stiitiire.  He  has  proved  that  the 
frontal  lobes  are  not  so  well  irrigated  by  the  blood,  an<l  that,  on  the 
contrary,  the  circulation  of  blood  is  more  active  in  the  posterior  and 
superior  portions.  The  jtosterior  ]iarts  of  the  encephalon,  cervelet,  and 
fccipital  lobes  are  more  developed  in  women,  and  that  their  left  brain 
"eigha  less  than  their  right  brain.  The  convolutions  are  less  eompli- 
i^ted  than  in  men.  The  caliber  of  the  internal  and  Che  vertebral  car- 
otid present  marked  differences  in  the  two  sexes.  Whence  it  results 
^t  the  distribution  of  blood  in  the  brains  of  the  two  sexes  differ 
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greatly.  The  internal  caroted  with  its  principal  briiiicliea  (cerebral, 
anterior,  ami  intermediate),  which  are  distributed  among  the  suborbital 
convolntioDs  of  Hie  insula,  of  the  Bofandie  region,  and  of  the  first  sphe- 
noidal cotivolutioDS,  are  larger,  absolutely  and  relatively,  in  men  than 
in  women.  On  the  contrary,  tlie  vertebral  carotid,  which  is  distribiite<l 
among  the  occipital  and  tcmporo-sphenoidal  lobes,  are  larger  in  women 
than  in  men,  and  the  basilar  trunk,  which  is  only  a  continaation  of  tbr 
vertebral,  in  also  larger,  it^  mean  diameter  being  28*"'''  in  woman  and 
26"""  in  man. 

II.   PSYCHOLOGY. 

Pi'of.  Ward,  in  his  vice*  presidential  address  before  Section  I  of  the 
American  Association,  says  that  the  doctiines  of  physiocracy  laiue: 
/aire  and  Spenceriau  individualism  and  the  biologic  economy  gener- 
ally are  not  saKtained,  and  that  the  facts  which  society  presents  an 
for  the  most  part  the  reverse  of  those  which  were  promised  by  them. 
The  explanation  is  that  the  old  political  economy  is  true  only  of  ina 
tlonal  animals  and  is  altogether  inapplicable  to  rational  man.  Darwin 
modestly  confesses  that  he  derived  his  original  onceptious  of  natural 
selection  from  the  reading  of  Malthas  on  Fopnlatinn.  But  he  did  not, 
perhaps,  perceive  that  in  applying  the  law  of  Malthus  to  the  animal 
world  he  was  introducing  it  into  the  only  field  in  which  it  holds  tme. 
Yet  such  is  the  case,  and  for  the  reason  that  the  advent  with  man  ul 
the  thinking,  knowing,  foreseeing,  calcidating,  designing,  inventing, 
and  constructing  faculty,  which  is  wanting  in  lower  creatures,  repealed 
the  biologic  law  or  law  of  nature  and  enacted  in  its  stead  the  pbycbo- 
logic  law,  the  law  of  mind. 

In  the  Ajnerican  Journal  of  Psychology  (18tf2,  IT,  491-502)  commani- 
cations  are  made  to  the  editor  of  courses  in  experimental  psychology 
as  follows:  In  London  the  present  examiners  in  mental  science  are 
Dr.  James  Sully  and  Prof.  Knight.  In  University  College  (Goner 
street)  Prof.  Groom  Robertson  conducts  tbe  instruction.  King's  Col- 
lege, Bedford  College,  and  the  City  of  Loudon  College  affiliated  with 
the  University  provide  teaching  in  psychology.  But  there  is  no  labora' 
tory  in  any  of  them  for  experimental  psychology  and  research,  indeed 
the  only  one  in  England  is  at  the  University  of  Cambridge. 

In  Copenhagen  there  is  at  the  university  a  psychological  labora- 
tory under  the  direction  of  Dr.  Lehman.  The  instruction  in  philoso- 
phy is  under  the  direction  of  Prof.  Harold  Htiffding. 

In  1891,  a  chair  of  experimental  psychology  was  created  iii  the 
faculty  of  sciences  of  the  University  of  Geneva,  but  without  a  labo- 
ratory. Wladimir  v.  Tschiscb  presents  a  brief  reimrt  on  the  clinic  for 
nervous  and  mental  diseivses  in  Dorpat. 

Yale  University  has  provided  a  course  of  study  in  experimental  pb''^ 
osophy  with  reference  to  the  dt'gi"ce  of  Doctor  of  Philosophy. 

<«  courses  of  psyeliological  instruction  were  pursued  in  Harvard. 
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A  (leitartmeiit  of  ]»i*yeliology  whs  «|»eiied  in  Cornell  rniversity  in 
cotiiMH-lioii  with  tfae  Susau  Liun  Sage  S(;liool  of  Philosophy. 
In  the  Gertnau  uiiJTersities  the  foUowinn  lectnres  wei-e  reported  i 

Leipiiff. — Wiindt,  Hppcinl  iDVcHtigntiiiDH  and  exvrciHCS  in  the  psychologicHl  liibor&' 
'ory;  Kutpe,  introdacUiry  course;  Gliicknor,  pc<lugo|c>cal  psychology;  FlerhHig. 
paychiatncal  clinic,  forensic  paychintr;. 

/{rWiM.— Dilttiey,  loi-iuies  on  piiyi-bology  and  pedagogy;  Lazarus,  lertui'eH  on 
pfcbology;  EbbiiighiiiiB,  lectiirua  nnd  experimeutal  psychology;  Jolly,  puthology 
uid  tlierapentics  of  nioutal  diaeiiacs. 

fioNn.— ElenientA  of  iisychologj- ;  I'elinan,  mental  disttirlianre  that  borders  on  lu- 
unit;;  Koctm,  hypnotism,  sleep,  and  the  uarcotiv  cimdition. 

(Mdinffm.— <j.  K.  Miiller,  lectufeSBmloxperimeutal  psychohigical  luvestigalibns; 
Heyera,  psyi' bin  trie  clinic. 

Hridilbetg. — Kriu-peliii,  ]ih)Hiologtrul  pxycliology  sn<1  jisycliiatncal  clinic. 

Dr.  William  O.  Krohn  8)>eiit  nine  months  working  iu  ihu  4-elebrated 
Dniver^ity  centers  of  Europe,  Heidelberg,  IStrasburg,  Zurich,  Freiberg, 
Mnoich,  Pray,  Iterlin,  Uallc,  Cottingen,  and  Bonn.  In  ea«h  of  these 
the  laboratories  were  carefully  inspect^  and  in  .some  of  them  the  iloctor 
carried  on  experimental  work.    (See  Am.  •/.  Put/chol.,  iv.  585-594.) 

The  Iniititute  PRyi^ho-Phyeiologiqne  de  Paris  was  founded  in  ISdl 
for  the  theoretical  and  prat^tical  study  of  the  psychological  and  thera- 
peutical applications  of  hypnotism. 

The  Swn^te  d'Hypnologie  of  Paris  held  monthly  meetings. 

Prof.  B.  W.  Scripture  proposes  in  the  paychologicjil  notes  of  the 
American  Journal  of  Psychology  (iv,  584)  a  list  of  term.-*  with  defini- 
tions for  psychological  use,  accordiog  to  the  meanings  attached  to 
them : 

(1)  Feelings  are  the  uidivisfble  elements  into  which  roeiital  phenom- 
ena are  composed.  Every  fact  of  consciousness  that  lias  not  been 
proved  to  be  a  combination  of  other  facts  is  to  be  called  a  feeling. 

(2)  Sensations  are  those  feelings  which  are  regarde^l  as  coming  from 
without;  they  ai'e  passively  experienced  feelings. 

(3)  Impulses  are  those  feelings  that  are  regarded  as  originated  in  the 
mind  itself;  they  are  actively  ex])erienced  feelings. 

(4)  Ideas  are  compounds  of  feeling.s  of  any  kind. 

(5)  Percepts  arc  those  ideas  that  are  composed  mainly  of  sensations- 

(6)  Volitions  are  tliose  ideas  that  are  coiiiposod  mainly  of  imimlses. 
The  American  branch  of  the  Society  for  Physical  Research  was  held 

III  Columbia  College,  New  York,  February  10.  Prof.  James  gave  a  com- 
munication on  the  census  of  halluciiiatioiis,  and  B.  F.  Underwood  one 
on  experiments  in  automatic  writing.  M.  Binet  contends  that  asso- 
tialed  with  the  same  physical  individual  there  may  be  two  or  more 
personalities,  both  of  which  are  conscious.  They  may  be  co-existent 
or  successive.  Amesthesia  is  the  barrier  which  separates  co  existent 
personalities;  amnesia  the  barrier  which  sepanites  successive  person 
alitiea.  'En  un  mot,  il  pent  y  avoir  chez  uu  menu  individu,  plurali*' 
de  memoires,  plurulite    de  consciences,  plurality  de  persoualites; 
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cbacane  de  <:eR  coiiscieDces,  de  ces  personalitcs  tie  cuiinait  qae  ee  qai 
se  passe  siir  son  territoin'-.    (NalNre.  LoihI.,  July  7.) 

In  La  Revue  Heientijique  (xi.IS,  797)  M.  Ltit-asRagno^  (iire<;tor  of  tbe 
faculty  of  meditune  in  Lyon,  publisliee  a  questionnaire  on  physiological 
psychology.  The  object  is  to  stimulate  statistical  researches  oa  tbe 
relations  between  the  sensorial  apparatus,  the  quality  ol'  uiemory,  and 
the  mode  of  tiitictioning  of  the  centers  of  language  and  oC  ide^ttion. 
Mm.  H.  Beaunis  and  A.  Blnet  follow  up  this  subject  in  the  succeeding 
volume  (L,  340-343)  with  a  questionnaire  iidilresstMl  to  painters,  sculp- 
tors, and  designerrt  relative  to  a  visual  memory  of  color  and  form,  tbf 
chief  points  of  the  inquiry  being  the  distinctness  of  visual  rccotier- 
tions,  tbe  qualities  of  visual  memory,  distinction  between  form  meinorj'  , 
and  color  memory,  fidelity  of  this  characteristic,  the  lole  of  visual  mem-  ; 
oiy  in  the  art  of  design,  peculiai'ities.  Dr.  Biccardi's  '■Anthropologia  e 
Pedagogia  is  a  stu<ly  in  the  science  of  education  foiiDded  on  a  basis  of 
experimental  psychology  and  anthropology.  lie  has  collected  during 
the  last  seven  or  eight  years,  with  the  help  of  teachers,  some  hundred 
thousand  obsel'^'ationson  two  thousand  children  of  Modena  an<l  Bologoii- 
and  ID  this  first  i>art  of  tbe  work  he  presents  tbe  datJi  cnticcriiing  this 
I>sychologiciil  and  sociological  condition,  lie  divides  the  pupils  into 
good,  middling,  and  bad,  and  investig-.ites  the  cbaract^'rs  of  these 
classes  with  reference  to  family  life,  namber  in  a  family,  healthiness  of  | 
the  family  stock,  social  position,  etc.,  in  each  case  lirst  taking  tbe  sexo^ 
together  and  then  considering  boys  and  girls  separat«-iy.  Italian  child- 
ren, to  a  large  extent,  li\-e  under  ba«l  conditions  and  are  de<-idecllf 
below  the  anthro|>oiaetri<-  standards  of  other  nations.  There  is  » 
marked  contrast  between  tbe  chihiren  of  the  poor  and  of  the  well-to- 
do  classes,  to  tlie  advantage  of  the  latter.  \Rfr.  in  J.  Anthrop.  Imt.. 
xxn,  l>81.| 

The  second  iDtoruational  Congress  nf  Ksperimental  Psychology  con- 
vened in  London  on  Tuesday,  August  2. 

The  thini  Congress  of  Criminal  .-Anthropology  was  held  in  Brnasels 
from  tbe  20th  of  August  to  the  3d  of  September. 

A  laboratory  was  established  in  the  I'niversity  of  Toronto. 

Prof.  Angell  occupied  the  chair  of  psychology  at  the  StaDfonl  Tni 
versity. 

Dr.  Edward  Pace,  a  pnpil  of  Wundt,  organized  a  laboratory  in  tbe 
Catholic  I'niversity  in  Washington. 

Dr.  Edmund  Delabarre  organized  the  stndyof  esporimental  psycbot 
ogy  iu  Brown  I'niversity. 

The  following  is  the  pntgrani  of  tbe  Int^'ruatioiial  Congress  of  Hx 
perimental  Psychology-  held  in  London,  August  1: 

Iiitro«poctiou  and  exprrim^iil  iu  imychology,  AJex.  Bain, 
tjufifcealion  and  vjlt.  M.  Baldtrhi. 
Payi-botopi'itl  i|ui<3tiouin^.  Pruf.  BeannR 
Ifpnotic  anKgestiou  und  wliirui  ion.  Prof.  Bcrnheia. 
"diologf  of  insocw,  M.  Binet. 
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Appreciation  of  time  by  BoiuDambiiliHtB,  M.  Tielbueiif. 

Laura  Bridgman,  Dr.  Donalilaou. 

Ptycbci-theTupeuticB,  Dr.  Van  Eedeu. 

Theorj  of  color  perceptian,  Pi'of.  EbbingUauH. 

MiiBcnlnr  eeasK  of  the  bHnil,  Dr.  GoMscheidt- r. 

Psychology  of  the  skin,  Stnnli-y  Hall. 

The  visnal  center  In  the  cortex  of  the  calenrinc  timuo,  Prof,  tlensclen. 

Inhibition  of  prencntiitionB,  Piof.  Heyniiins. 

The  degree  of  localizatiou  of  movomentpt  und  correlative  Bi'iiBatiouB,  Prof. 

Horsley. 
LoM  of  volitional  power.  Prof.  Janet. 
A  law  of  perception,  Prof.  Laugc. 
The  female  poisoner  of  Ailr  Fezza,  Prof,  Lugeois. 
Relation  of  reapirntinu  to  attention.  Prof.  Lchraauii. 
Direct  and  aasociative  factora  in  judgnieuts  of  ii'slhelic  prupiirtioii,  Pr.  L. 

Witmer. 
Sensibility  of  women,  normal,  insane,  en  mi  nat,  I'rof.  Loiubruso. 
Parallel  law  of  Fechuer,  Dr.  JlemlelHHohn. 
Lioiite  of  animal  intelligenco,  Prof.  L.  Morgan. 
Experimental  investigation  of  memory,  O.  E.  MUtter, 
pBjchophyiical  basis  of  the  fceliogH,  Prof.  Miliisterberg. 
Experimental  induction  of  hallncination,  F.  W.  H.  Mytra. 
CharacteriaticB   and    conditions  of  the  simplest   forms  of  belief,   W.   U, 

New  bold. 
The  origin  of  numbera,  I'cuf.  Pre.ver. 
General  ideas,  Prof.  Uibot. 
The  future  of  psychology.  Prof  Kicket. 

Anatomical  anil  jihy Biological  relation  of  tlio  froutnl  lobts,  Prof.  Schiifer. 
Ei]>erimentB  in  thought  trausfcrfnce,  Mrs.  Sidgwick. 
Binocular  after-images,  E.  B.  Tiichenur. 

Relation  of  reaction  time  to  the  bread tli  ni  jierceptlou.  Dr.  Tschisch. 
Physiological  basis  of  rythmic  sjicoch.  Dr.  \urrie8t. 
Functional  attributes  of  the  cerebral  cortex,  Dr.  Walle 

[Jfatai-f,  Loudon,  .luty  U,  August  11. 

The  following  subjeuts  are  treated  in  tlii'  Aiwrumi  Journal  of  Psy- 
c%oUgy: 

Knee  jerk  (The)  in  sleep  in  a  case  of  dementia,  Koyea, 

Memorj'  in  school  children,  growth  of,  Bottuu, 

Zollneis  figures  and  other  related  illusions,  JuHtrow  (studies). 

luvoluntary  movements,  Jastrow  (.stndioa). 

Smell,  absence  of  the  senae  of,  Jnalrow  (studies). 

Clasaificatiini  time,  Jastrow  (atudies). 

Finding  time,  Juatrow  (studiea). 

Anthropometric  and  psychologic  testa  ou  students,  Joatrow  (studies}. 

Natural  realism,  psychological  foundation  of,  Eraser. 

Nervous  system,  psychological  literature,  Donaldson. 

Aaaociatiou,  Cattell 

Reaction,  Cattell, 

Hypnotism  and  suggeetion,  Jastrow. 

Saggestion,  hypnotism  and  ~,  Jastrow. 

Sight,  psychological  literature,  Sanford.  Scri|itiire. 

Physiological  psychology,  Sanfonl. 

Laura  Itridgm an,  DoualdHoti. 

Vianal  area  of  the  cortex  in  man,  Donaldson,  ^ 

D:|-:ectv  Google 
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Voluutory  movemeDts,  rapidity  of,  DrosalttT. 

Attention,  pheDomena  of,  AQgell. 

Coiitrast,  effects  of,  Kirecbmaan. 

Musical  expresaiveDeas,  Giluiau. 

Regular  variatiuue,  pitcb,  intensity,  fit.,  Scripture. 

ITnconacioua  suggestion,  Forel. 

Disturbance  of  attention,  Swift. 

Pseixto-chromoHtbesia,  Robu. 

Psydiiatry,  Noyes. 

Taste  and  amell,  Bailey. 

Toucb,  pniu,  internal  Bonsatioii,  Dailoy. 

Lingnietic  psychology,  Cbnmbcrlaiu. 

Volnntary  motor  ability,  Bryan. 

Tiaioing  uE  animals,  Rossiguol. 

Jndgniout  of  angles,  tines,  etc.,  Jastrow. 

UncouBCioDs  cerebration,  CbiM. 

Action  and  volition,  Baldwin. 

III.   ETHNOLOGT. 

Prof.  Alexander  Ma^alister,  in  his  vice-presidential  addreBS  before 
Section  H  of  the  Britisli  Association,  regrets  that  there  is  not  in  onr 
literature  a  more  definite  nomenclature  for  the  dirisioos  of  mankind, 
and  that  such  \rord8  as  race,  i)eop]e,  natiouality,  tribe,  type,  stock,  and 
family  are  often  used  indiscriminately  as  tliough  they  were  syiionyme. 
There  are  several  collateral  series  of  tacts,  the  terminologies  of  which 
should  be  discriminated:  (I)  Ethnic  conditions  whereby  individuals  of 
mankind  are  grouped  into  categories  of  dtfl'erent  comprehension,  as 
clans  or  families,  as  tribes  or  groupa  of  allied  clans,  and  att  nations,  the 
inhabitants  of  restricted  areas  under  one  political  organization — Eth- 
nology. (2)  Individuals  regarded  as  descendants  of  a  limited  num- 
ber of  original  parents,  each  person,  having  his  place  on  the  genea- 
logical tree  of  humanity.  As  the  successive  branches  were  subjected 
to  diverse  environments,  they  have  differentiated  in  iiharacteristica. 
To  each  of  these  subdivisions  is  applied  the  name  of  Race.  [Haet^kel 
terras  this  study  antbroiKtgony.J  (3)  The  third  category  is  that  of  Ian- 
guiige,  sometimes  conterminous,  but  it  is  as  absurd  to  B)>eak  of  an  Aryan 
skull  as  of  a  brachycephalic  language. — Nattire,  London,  1892,  August 
18,  p.  37y. 

The  British  Association  apiwinted  a  committee  to  organize  aneth- 
nogra[diical  survey  of  the  United  Kingdom.  The  committee,  in  pnr- 
suauce  of  the  object  for  which  tliey  had  been  delegated  by  the  Society 
of  AiitiquaricN  of  London,  the  Folklore  Society  and  the  Anthropolojr- 
ical  Institute,  and  appointed  bj'  the  British  Association,  pro{>ose  tu 
record  for  certain  typical  tillages  and  the  neighboring  districts,  (1| 
Physical  types  of  the  inhabitants;  (2)  current  traditions  and  beliefs; 
(3)  peculiarities  of  dialei-t;  (4)  monuments  and  other  remains  of  ftu- 
cient  culture:  {'>)  historical  evidence  as  to  continuity  of  race. 

Dr.  Oeorg  Gvolaiid  has  published  through  Jmstus  Perthes,  Gotha, 
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m  Atlas  der  VMerkande.  Tbere  are  in  it  flfteeu  folio  maps,  to  wit: 
1.  Uistributiou  of  skin  aud  hair;  II.  Density  of  i>opulatioii;  m.  Distri- 
btition  of  religions;  IV.  Distribution  of  diseases;  V.  ClotLing,  food, 
(IwelUug,  aud  occupation ;  vi.  Locationsof  peoplen in  1500  and  1880;  Vll. 
Eiiroi>ein  1880;  Till.  Asia  in  1880;  IX.  9outbea«t  Asia;  X.  Oceauica; 
XI.  Aitica;  XII.  Aboriginal  America;  xili.  America  in  1880;  xiv.  Lin- 
guistic  map;  IV.  Europe  about  100-150  after  Christ.  The  charts  are 
preceded  by  descriptive  text  and  an  alphabetic  catalogue  of  all  tribes 
ntentioned,  with  reference  to  the  latitude  and  longitude  of  their  habitat. 

The  origin  of  tlie  Mancbu  race,  to  which  the  reigning  dynasty  in 
Cli  in  a  belongs  (see  Mature,  London,  1802,  XLV,  523,  quoting  from  North 
China  Herald,  Shanghai),  is  thus  set  forth : 

Till-  TiiugiiH  tribes,  to  which  the  Mnuchu  liulong,  are  scnttered  about  iii  Siberia 
iDil  Maarhiiria  in  rather  small  coiiimiiiiitieB.  Tliey  appear  in  history  in  the  Chow 
livn.-uity.  The  MoiigoU  as  a  race  are  probably  an  offshoot  from  Tuugun  stock.  The 
touiuiiiguiDity  that  exiHta  between  Manchii  aud  Mou|{ol  is  Kreat«r  tbau  that  which  is 
roniiil  to  prevail  between  Mflngiil  and  Turk,  and  tberefcire  it  nitiy  bo  concluded  that 
the  Tungiis,  either  in  Siberia  or  iu  Manchuria  or  on  tlin  Amur,  threw  off  a  branch 
irliifh  becaiuD  Mongol.  Genghis  Kban  and  his  tribe  started  on  their  conquest  of  the 
Anistic  continent  from  the  neiKliborhood  of  the  gold  mines  in  Niichinsk,  and  the 
UoDgols  are  not  tUberiaeu  by  prefareiice  nor  hunters  of  the  mble,  martin,  and  beaver. 
Tlii'y  are  rather  keepers  of  sheep  auil  riders  of  horses  and  camels.  They  might 
euily  develop  theic  language  in  the  virinity  of  the  Altai  inouiitains  and  the  Baikal. 

.^9  to  the  Mancbus,  they  have  forgutl«n  tlieir  early  occupation  since  coming  to 
Cliiiis,  and  tbey  attend  now  only  to  the  duties  of  the  public  service  or  to  military 
Inining,  The  langnage  like  the  Mongol  is  rich  witbthespoils  of  antiquity.  All  the 
Tari(iusforinsofGulture,vbetherbelongingtnShamaDi8m,  Con  Aicianism,  or  Buddhism, 
with  which  tbcy  have  become  successively  familiar,  have  contributed  a  share.  To 
%\\tsf.  must  be  added  the  vocabulary  of  the  huntsman,  the  tisherraau,  and  the  shep- 
lierd,  and  all  the  terms  Decestary  tu  feudal  relationship  as  well  as  those  of  the  trades 
iDiI  occupations  of  the  old  civilization. 

BliinoU)gy  of  Mahyreb. — Dr.  Brlnton  proposed  to  adopt  the  Arab 
uaine,  Mahgreb,  for  that  portion  of  Africa  west  of  the  Xile  Valley  and 
north  of  tlie  noutlieiu  bonadary  of  the  Sahara^  From  time  immemorial 
it  has  been  the  liouie  of  the  Berber,  or  Hamitic,  or  Protosemitic  peoples. 
(For  the  i)rehistory  of  this  region  consult  A.  f'hateliii,  in  Revtte  Scien- 
tific, April  0,  1892.)  PaliTolithic  mau  is  said  to  have  been  here,  suc- 
iieeded  by  neolithic  commimitics  and  mcgalithic  atruetures,  erected 
by  ancestors  of  the  Berbers.  The  same  Berber  stock  has  possessed 
Mahgreb  from  the  very  earliest  times  to  the  present  day. 

Celts. — An  instructive  discussion  on  the  origin  and  migration  of  the 
C«lts  was  begun  by  Di'.  Biinton  in  Hcience  (March  11)  and  continued 
tlirongh  subsequent  numbers.  This  discussion  is  not  only  valuable  for 
vliat  the  authors  of  the  notes  say,  but  for  the  excellent  works  quoted. 

Prof.  Sergi  published  in  the  Jiolleiiao  delta  R,  Aecademia  Mcdioa  di 
Homa,  Ann.  xviil,  fasc.  It,  a  paper  on  tlie  varieties  of  mankind  in 
Melanesia,  which  in  reprinted  in  Arckip  fiir  Aiitkropologie,  xxi,  339- 
^.    The  essay  is  remarkable,  among  other  excellences,  for  the  ex- 
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'^  'iunily  name  shAll  be  accepted  unless  there  ih  given  tlie  liabitat  of  tribe 

\-hich  it  is  applied. 
=c:ina1  ortbograpliy  of  a  uame  ith»ll  be  rigidly  preMTveil  except  as 
'nie  tti,  and  nnlewi  a  typogropbical  err«r  is  rviilent. 

v         ^  Tell 'h  lust  revision  the  familieH  stand  thus:     Algon- 

•j,  -th  America);  Athapascan  (Northwest  North  Amer- 

^  'Hiaaa);  Beotfaakaa (Nova Scotia) ;  Caddoan  (Three 

ikara,  middle,  Pawuee;  Bouthern,  Caddo);  Chi- 

oiiud);  Chimarikan  (Trinity  River,  California);  Cbim- 

.:iiiGoInmbia);  Chinoolcan  (Columbia  River);  Chitimachaa 

..t);  Chnmashan  (Santiv  Barbara,  Cal.);  Coahoiltecan  (Texas); 

ii'tian  (northern  California) ;  Costaiioaii  (Uolden  Gate  to  Monterey, 
Cat.);  Enkimauao (Arctic coast);  EHaoIenian [Monterey  Bay, Oalifi>mia) ; 
Iroqnoitbii  (Great  Lakes) ;  Kaloopaian  (Washington  State) ;  Karankavan 
(Texas);  Keresan {New  Mexico);  Kiowan  (apper  Arkansas) ;  Kitunahau 
(Colnmbia River) ;  Koluschan  (sontheast  Alaska);  Kulanapan  (Mendo- 
ciiio,Cal.);  Kosan  (Oregon);  Lntiiainian  (Oregon);  Maripoaan  (Califor- 
nia); Moqnelumnan  (Calaveras  County,  Cal.);  Mnskhogeau  (Strnthera 
States);  Natchesan  (Mississippi);  Palaihnihau  (Pit  River,  California); 
Piman  (Gila  River,  Arizona);  Figunan  (Sacramento  River,  California); 
Qoorateau  (Salmon  River,  California) ;  Salinan  (Monterey  Goanty,  Cal.) ; 
Salishan  (Washington  and  British  Columbia);  Sastean  (Northern  Cali- 
fornia) ;  Shahaptian  (Fra»er  River) ;  Shoshonean  (Interior  Baeia) ;  Siouau 
(Missonri  River);  Skittagetan  (Queen  Charlotte  Islands);  Takilman 
(Rogne  River);  Taiioan  (Rio  Grande  River);  Timnquanan  (Florida); 
Tonikan(RedBiver,Arkansas);  Tonkawan (Texas);  Uchean (Georgia); 
WaJilatpuan  (Wallawalla  River);  Wakashan  (Vaiiconver  Island); 
Washoan  (Carson  Valley,  California);  Weitspekan  (Klamath  River); 
WigboBkan  (Eel  River,  Oregon);  Yakonan  (Umpqna  River,  California); 
Yanan  (Pitt  River,  Galitbrnia) ;  Yukian  (Ronnd  "Valley,  California); 
Tnman  (Colorado  River,  California);  Zafiian  (New  Mexico). 

Finns. — Dr.  Theodor  Koppen  {Archiv  /.  Anthrop.,  XX)  defends 
the  unity  of  the  Finnic  and  the  Aryan  linguistic  stock,  alleging  the  an- 
cestral borne  to  have  been  on  the  middle  Volga.  The  reparation  into 
eastern  and  western  branches  took  place  on  the  river  Don,  at  which 
time  also  arose  the  Ar>'an  and  the  TJgro- Finnic  division. 

The  publication  of  MiddendorTs  sixth  volume  on  the  Peruvian  lan- 
guages completes  a  most  valuable  series.  The  languages  considered 
are  the  Kechua,  the  Aymara,  and  the  Chimu  (Muchikor  Vuaca),  with 
an  appendix  ou  the  Chibcha.  The  work  was  issued  by  Brockhaus, 
Leipzig.     (BrintoD,  Scietwe,  xx,  6.) 

in  Philadelphia  has  been  established  the  de  Laincel  fund  for  the 
study  of  the  graphic  system  of  the  ancient  Mayas,  by  collecting  vocab- 
ularies of  the  langnage  and  its  dialects  and  photographs  of  the  ruins 
and  inscriptioDB  and  manuscripts.  Dr.  II.  T.  Cresson  baschargeof  the 
explorataoDB. 

H.  Mis,  U4 31  D,B,t,zeab,GtX>glc 
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V,    TKCHNOLOGY. 

A  remarkaltlo  contribution  to  the  natural  liistory  of  .Tstlietics,  which 
the  authur  oi'  this  aiirainarj'  Iiaa  elsewliere  called  lesthetology,  h  the 
address  of  Williaui  H.  Holmes,  as  vice  president,  before  Section  H  »f 
tlie  American  Association.  The  Rcience  of  the  beautiful  was  exam- 
ined in  order  to  study  the  phettomena  of  the  beautiful  as  the  botanist 
studies  the  real  flowers  (if  the  field. 

"The  science  of  the  beautiful  must  deal  with  actnal  phenomena; 
with  facts  a.s  hard,  with  principles  hk  fixed,  and  laws  as  inflexible,  as 
do  the  sciences  of  biology  and  physics." 

The  author  takes  up  the  subject  from  the  phenomenal  side  and 
ignores  the  purely  metaphysical  element  altogether,  which  is  alleged 
to  have  woven  about  it  a  dense  and  very  subtle  web  of  transcendental 
fancy ! 

The  author's  appreciation  of  the  amount  of  time  and  energy  given 
to  this  field  of  human  activity  is  charming.  "We  totally  fail  to  real- 
ize how  much  time  and  thought  are  given  to  (esthetic  considerations, 
and  what  a  large  place  they  really  fill  in  the  thoughts  and  activitiw  of 
the  world.  This  would  come  home  to  us  if  by  some  suddeu  change  ia 
the  constitution  of  things  all  that  is  aesthetic  should  bo  rudely  lorn 
from  us  and  banished  from  the  world.  -  -  ■  To  make  this  clear, 
let  us  BupiK)se  that  some  dire  disease  should  destroy  our  perception  of 
the  beautiful,  a  world  of  useless  things  would  encumber  our  existence. 
The  fine  arts  would  fall  into  disuse.  Paintiug,  sculpture,  architecture, 
jKtetry,  music,  romance,  the  drama,  and  landscape  gardening  wonld  dis- 
appear utterly.  No  picture  would  grace  the  wall  of  gallery  or  dwelling. 
Temples  and  Iialls  would  be  without  statuary  and  books  without  illustra- 
tions. Architecture  would  degenerate  into  the  merest  house  building, 
without  projections,  moldings,  carving,  painting,  frescoes,  hangings, 
or  carpeting.  Churches  would  be  but  the  plainest  barns  without  arch- 
ways or  columns,  or  steeples,  or  towers,  or  stained  glass;  the  organ  and 
the  choir  and  the  singing  of  hymns  as  though  they  had  never  been. 
All  artists,  sculptors,  architects,  poets,  authors,  composers,  and  drama- 
tists, and  all  the  multitude  that  depend  up<in  them,  decorators,  engrav- 
ers, caivers,  musicianH,  actors,  book-makers,  manufacturers  of  all  that 
pcrtainsto  the  polite  aiis,  and  all  merhants  who  deal  in  lesthetic  things 
would  turn  to  other  callings.  The  ships  and  railways  that  transport  the 
products  of  (esthetic  industry,  silks  and  rugs,  and  laces,  and  oma 
mental  goods,  and  furniture,  and  tiles,  and  paints,  and  dyes,  and  porce- 
lains, and  brasses,  would  cease  to  plow  the  seaand  girdle theland.  The 
range  of  human  livelihood  would  be  reduced  to  a  dangerooa  degree. 
andesist«nce — a  burden  withoutart,  would  be  overwhelmed  with  poverty 
and  distress.  Xow,  there  was  a  time  when  this  picture  wasatrne 
one,  and  men  had  no  great  results  in  a>sthetic  art  toshow.  From  tUen 
'  our  day,  Mr.  Holmes  declares  to  be  a  question  of  evolution. 
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^y  passing  up  tbrongb  the  scale  of  cnlturc  statues  from  Mavagery  to 
enli^htdnmAnt  —^  „„-  »».„»  — \.  ""cceediiig  period  has  a  larger  tthare 
r  Hhare  of  the  iPHthetlc;,  each  fltage 
stage.  The  lant  stage,  that  npon 
B  now  entering — the  enlightened — 
Ktill  more  advane«<l  st^ige;  aurl  hy 
groups  tbo.se  yet  to  l*e  («iieeived 

I  of  eacli  group  indefinitely,  we  are 
an  of  the  present  to  the  marvellonit 
if  the  magnificent  xam  total  of  the 

II  be  privileged  to  enjoy. 


Geographical  Moeietg  I  Lond.,  1892, 
4  irill  1m-  foand  an  account  of  the 
in  the  water-Hhed  of  .Soatb  Africa, 
leodore  Bent,  tlie  explorer.  There 
nd  el.^wliere  in  thiit  area,  but  the 
1  the  tireat  Zimbabwe,  flituated  '^f- 
cover  a  vast  area  and  conmj*t  of  a 
ork  of  smaller  biiiMin>;4  extending 
iiine  fortresH  on  the  hill,  alioat  400 
ba;;e  granite  bowlders,  and  by  a 
able  jxTiion  of  it.  The  lower  bnikl- 
f  granite  broken  with  the  hammer 
'.■(It  mortar.  Tlie  t-neinrling  wall  i;' 
■et  thi<'k.  Tht-re  i*  a  long  tianviw 
to  what  Mr.  Betit  <-aIlri  -the  *iurmi 
t>  tower*,  one  of  tht-m  '.i2  feet  big^h, 
■vmmetry.  and  wirh  cmrs*-  of  no- 
work  and  hi*  ni*F-t  inierewting  di* 
w,*,  tite  Ubyrin'bine  oarnreof  which 
Iirfia<h  »  pr>-teer<-d  at  every  tnm 
d  then  efimr:it-ri>*«  at  rhe  torrom  of 
itr  nf).  fn  t**-f.  the  rednndaw-y  of 
the  a*eIe-.'<  lepenrii-rti  of  w;»lU  ov<* 
*~.ire  wirli  whiob  evi-ry  IkiU;  Im  the 
ftoM  I'A*;*  !.■•  'i^rte*!.  prove  ih.it  the 
■f  .ir*.H-ic,  I'ofrery  ar.d  irr.n  '.'ij*r*T.4 
'p*t  urfiT'^V.T-.z  t'A  »••■*  n'ri-irtted 
\-:\r.*.'^,~<,'i*-n  'innetz.  arid  ffiraa<-M. 
-Te<l-».-fj  the  Ar'r.'-an  ra>-e.  They 
in  an". >,-:'y.  «?,<-! ''AOM'-.  d'WV.IeAi 

res-*  t4  An-hJ^.i.-x'al  SoeieOe*.  in 
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aiiiou  with  the  London  Society  of  Antiquaries,  is  the  issne  of  an  index 
of  arcbiEological  papers,  published  in  1891,  There  is  a  list  of  45 
societies  and  journaln  in  all,  and  33  pages  of  titles,  succeeded  by  aa 
alphabetic  list  of  places,  subjects,  authors,  and  societies  with  their 
publications.  The  secretary  of  this  congress  of  societies  is  "W,  H.  St. 
John  Hope,  Burleigh  House,  Loudon. 

M.  A.  C  Ohatelier  contributes  to  La  Revue  Scientijique  (KLiK,  457- 
461)  a  resume  of  prehistoric  studies  in  North  Africa.  To  the  work  of 
codification  is  added  a  bibliography  of  70  titles  upon  the  same  subject 

M.  Zabarowaki  calls  attention  to  the  doubtful  antiquity  of  the  Cau- 
BtJidt  skull.  It  was  discovered  in  1700,  but,  according  to  Dr.  Herv4it 
was  really  seen  first  in  the  vitrine  of  the  museum  of  Stuttgard  a  hun- 
dred years  after  the  digging  from  which  it  is  supposed  to  have  eoine. 
Dr.  Brintou  also  reverts  {o  the  same  question  in  Science.  Indeed,  the 
year  1802  marks  an  epoch  of  decline  in  the  belief  that  man  has  had  an 
exceedingly  high  antitimty  in  Europe  or  America.  The  result  of  such 
questionings  will  be  a  review  of  the  grounds  of  belief,  with  a  strengtii- 
ening  of  the  foundations  of  knowledge. 

The  article  of  Louis  Thenreau,  in  Im  Eepue  Seientifique  (L,  364-369] 
on  alimentation  in  India,  calls  especial  attention  to  the  fact  that  it  has 
been  fh)m  time  immemorial  a  country  whose  food  was  essentially  ve/x- 
tal,  jnder  the  intluence  of  an  idea  on  which  is  founded  a  philosophic 
and  religious  system,  belief  in  metempsychosis  or  migration  of  tbe 
soul.  About  fifty  titles  bearing  on  the  subject  are  quoted,  adding  great 
value  to  the  article. 

An  epoch-making  investigation  for  archieolgoiats  was  that  of  William 
H.  Holmes  upon  ancient  quarries  in  the  United  States.  The  result  of 
the  first  investigation  into  the  quarry  site  on  Piney  Branch  near  WasL- 
ington,  IB givenin  the Amerwan  Anthropologint,  (III,  1-26).  Dr.  Brinton 
calls  attention  sharply  to  this  work  in  a  short  paragraph  on  'qaan? 
subjects,'  in  Science  (November  4,  1892).  Since  then  a  controversy, 
characterized  by  no  little  acrimony,  sprang  np  between  what  might  be 
termed  the  old  school  and  the  new  school  on  this  subject.  Two  distinct 
questions  are  involved  in  the  controversy,  namely,  whether  the  objects 
are  palieolithic  implements  or  the  lejected  pieces  of  the  aboriginal 
qaarryman ;  and,  secondly,  whether  they  are  geologicaUy  situated  to 
denote  very  great  antiquity. 

The  trustees  of  the  British  Mnseum  printed  an  album  containing 
autotype  facsimiles  of  the  Tel-el-Amarna  tablets.  A  review  of  this  wort 
will  be  found  in  Xattire,  vol,  xlvi,  pages  49-52.  During  the  sum- 
mer of  1887  a  woman  belonging  to  the  household  of  one  of  the  "on- 
tica"  dealers,  who  live  at  or  near  Tel-el -Aniarn a  in  Upper  Egypt, 
set  out  to  follow  her  usual  avocation  of  digging  in  the  sand  and  loow 
earth  afthe  foot  of  the  hills  for  small  antiquities.  The  exact  details  of 
her  search  will  never  be  known,  but  it  is  certain  that  in  a  small  cham- 
)>er  at  no  great  depth  below  the  surface  she  found  a  number  of  claf 
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tablets,  the  like  of  wbioli  had  never  before  been  dug  up  iii  Bgyi>tt 
There  were  over  three  handred  of  them,  of  wliit-h  number  the  British 
MDBeam  secared  82,  the  Giz£h  Museum  60,  the  Berlin  Museum  160. 
The  Tel-el- Amama  tablets  are  unique  as  an  arcbieological  -'find,"  and 
Uiey  are  also  unique  us  a  lueAos  of  weaving  t^igether  the  threads  of  the 
histories  of  two  or  three  of  the  greatest  nations  of  autiquity  at  a  crit- 
ical period.  They  were  all  written  between  tlie  years  l.'HH)  and  1450 
B.  c.  Those  id  the  British  Museum  coDuiist  of  a  series  of  dispatches 
written  from  Kings  of  Babylonia,  Alashiyali,  Mitauu,  Pluenieia,  Syria, 
and  Palestine  to  Ameuophis  III,  and  to  his  sou,  Amenophis  lY.  Many 
iif  them  are  also  of  a  i>eraonal  or  privatt'  nature. 

Alfred  P.  Maudnlay,  who  spent  seven  wiuters  in  Ceutral  America 
sludjing  and  photographing  the  ancient  ruins,  announced  the  forth- 
(.-oming  of  a  work  on  this  subject,  the  gist  of  which  is  given  in  Xaturi- 
of  April  29.  A  map  on  page  61«  lays  down  graphically  the  limits  of 
Maya  inscriptioDs. 

The  orientation  of  buihlings  is  considered  by  Dr.  Brinton  in  Science 
(IX,  6),  and  the  orienbition  of  the  sides  as  iu  Egypt  brought  into  con- 
trast with  that  of  the  comers  as  in  Meso|K>taniia  and  Znni.  At  Zim- 
babwe a  series  of  ornaments  on  the  walls  of  the  great  temple  are  so 
disposed  that  one  group  will  receive  directly  the  sun's  rays  at  his 
rising  and  another  at  his  setting  at  the  period  of  the  wintttr  solstice, 
vben  these  points  in  that  latitude  were  re^pectiyely  -5°  south  of  east 
finil  west,  while  a  third  series  of  nnuiments  faced  the  full  midday  sun. 

Prof.  W.  O.  Atwater,  in  the  Forum  for  June,  discusses  the  scientiflc 
Ntady  of  food  as  one  of  the  most  impoitant  iiroblems  in  anthropology-. 
At  present  the  i>oorer  clasMes  the  world  4)ver  are  sciintily  nourished 
and  the  m^^jority  of  mankind  live  on  a  low  nutritive  plane.  The  com- 
iDg  man  will  not  buy  us  ex|)ensivo  foods  tieotuse  some  of  the  least 
expensive  are  most  nutritive  and  palatable.  He  will  value  foods  for 
their  nutritive  qualities.  Much  less  food  of  the  proper  quality  will  be 
required  to  keep  a  man  in  his  best  estate.  Thei-e  will  be  a  revolntion 
in  cooking,  which  is  both  wasteful  and  primitive. 

Payne's  History  of  the  New  World  called  America  is  a  philosophical 
treatment  of  a  historical  subject.  It  is  a  history  of  America  written 
by  a  trained  anthro))ologist.  In  the  author's  own  words,  he  has  "under- 
taken the  unusual  course  of  explaining  the  facts  under  investigation 
by  a  the(»ry  of  human  advancement  not  only  not  generally  recognized 
hut  not  hitherto  formally  enunciated.  Some  may  find  it  paradoxical, 
to  assign  to  advancement  no  loftier  origin  than  the  organized  provision 
of  the  food  supply  on  an  artificial  as  distiiiguished  from  a  natural 
basin.  The  organization  of  food  provision  on  the  artificial  basis  has 
been  combined  with  that  of  defense,  and  <'ommunitie8  in  which  these 
combined  organizations  have  been  fully  elaborated  have  extended  their 
hnnndaries  at  the  exjiense  of  others  whoso  social  arrangements  were 
less  advanced."    The  iiuthor  sets  himself  "  to  restore,  if  jHi^ibie.  the 
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tt'uv  iWlures  of  the  a^lvanced  coiumunitieB  of  tlie  New  World,  to 
nuttlysethfirsociiil  structare  and  ecooomy,  to  measure  by  some  deBoite 
Mliiudurd  ttiu  degree  of  progresa  ttiey  had  attained,  aud  to  trace  their 
liMtory,  BO  far  as  it  can  be  recovered,  disttDguishing  what  can  fairly 
be  accepted  as  fact,  front  what  can  be  aliowo  with  reasonable  certainty 
to  be  fabitloiiB." 

VII.  sncioi-OGY. 

The  Quarterly  Journal  of  Economics,  published  for  Harvard  Ij  niver- 
Hity,  ill  Itoston,  ix  valuable  to  the  student  not  only  tor  the  pai>erB  and 
originiit  invoHtigations  which  it  reports,  but  for  ita  bibliography  of 
otNiiiomicB,  The  titles  arc  classified  under  (1)  general  works,  theory, 
niiditn  hlMory;  (2)  production,  exchange,  and  trausiKirtation;  (3)  social 
({Uiuttionn,  labor,  aud  capital  (4)  land;  (5)  iwpulatlon,  emigration,  and 
t!()lonies;  (0)  interiiiitional  trade  and  customs  tariffs;  (7)  finance  and 
taxation ;  (8)  binikutg,  currency,  credit,  and  prices;  (9)  legislation ;  (10) 
(Hsoiiomic.  liiHti«>ry  aud  description;  (11)  Htatixtics;  (13)  not  classified. 

Native  lairs  iu  Alaska  were  I'eportcd  to  the  Numismatic  and  Aob- 
iinariivn  Mmiiety  of  Pliiladelpliis  by  Lieut.  Oorgas,  U.  S.  Navy.  Begin- 
ning at  the  south  a  fair  is  held  in  June  at  Port  Clarence,  just  south  of 
the  narrowest  part  of  the  straits.  It  Is  numerously  attende<l  by 
Ohiikchis  of  Siberia,  the  natives  of  8t.  Lawrence  Island,  south  of  tlie 
Htraits,  and  by  others  from  C'lipe  Prince  of  Wales  on  the  American 
nmiulnnd.  The  second  fair  is  held  at  Hotham  inlet,  on  the  north  sliorr 
of  Kot^ebne  Sonnd.  It  lasttt  through  July  and  August,  aud  is  attended 
by  abcuit  1,300  i>eople,  some  Siberiaus,  but  mostly  natives,  esiiei-ially 
fW>ni  Point  Hoi>e,  these  being  the  principal  tra<lers  of  the  coast. 

A  third  fair  is  at  Point  Lay,  and  a  fourth  at  Camden  Bay,  not  far 
troui  the  mouth  of  Mackenzie  River. 

The  trading  boiit«  make  a  regular  round  of  thase  fairs,  cairyiug 
articles  in  demand  from  one  to  another;  so  that  some  from  the  far  in- 
terior of  Asia  will  in  a  few  years  be  transported  along  the  shoi'eB  of 
the  Arctic  Sea  and  southerly  indefinitely  into  the  center  of  the  conti- 
nent.    (Brinton,  Science,  xix.,  287.) 

<ialton's  work  on  finger  prints  is  thus  briefly  reviewed  in  tUcJoif- 
nal  of  the  Anthropological  Inniitute: 

The  Biitbur  cunsiilera  I  he  Biibject  nndertbe  folio  wing  divisions:  (1;  Introiliictor]'. 

(2)  Thu  pTevlouH  employment  of  finger  print)*  among   variuiin   nntions,  which  bu 

been  ulmoat  wholly  roiiHneil  to   making  danlis,  without  puying  any  regaril  to  tba 

deliv&tiOineativnH  with  which  this  book  u lone  is   conc<irued.     (3)  Various  met hodi 

oruiikingKOMl  printfl   from  the  fin(;ere  are   ilescribed   at  length,  es|>eeially  tboM 

ummI   ut   Mr.   (iHlton'n   nnthropouietric  laboratory  at   South   Kenaiugtno.    (-11  The 

(■lmrHcl«r  and  piirpune  of  the  riilgen  wlioso  lineations  «pi)ear   in  the   finger  print- 

1A>  'I'hn  vuriouH  pattvrna  formed  by  the  lineationa.     (6)  The  question  of  poraiHlenci; 

r  the  puttHniH  are  ao  ilurable  aa  tu  afford  a  sure  basis   for  identiHcHtioii,    (') 

'pi  III  iippriilse  thft  fvidcDtial  vuluo  of  finger  prints  by  the  lair  of  pTDbabit- 

Thi' friHinency  with  wbich  various  Iliads  of  patterns  appear  on  IhediBM- 
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nt  digit!  orthe  same  person,  teverally  niid  in  I'oi  inert  inn.  (9)  MethndN  or  luilox- 
ing.  (10)  Practical  results  of  tho  inqairj.  (11)  Hnrodity.  (12)  I'st^  in  iuilicuting 
race  uiil  tcmperainent.  (13)  The  nine  funilamentally  ditt'eient  pattems  are  con- 
erdered  as  different  genera  or  species. 

Gustave  le  Bou  having  affirmed  that  higher  nuiett  can  not  )ni])ose 
tlieir  civilization  upon  lower  races,  undertakes,  in  an  ad<lre»»  before 
the  Oongres  international,  instituS  par  le  UmiverDemcnt  frau^aia  pour 
I'l^tude  dcB  tjuestioiis  coloniales  (Rev,  Sdeal,,  Paris,  1880,  aodt  34  and 
1892,  Oct.  1)  to  show  that  to  change  the  civilization  of  a  i>eoi)le  it  is 
necessary  to  change  their  sools  (nmes).  Centuries  and  not  wnquesta 
can  accomplish  a  task  like  that.  The  empire  of  the  M'orld  has  always 
belonged  to  the  convinced,  whose  great  force  consists  in  their  slavery 
to  an  idea,  and  in  their  complete  incapa<nty  to  reflect  and  to  reason. 
Wittioiit  these,  perhaps,  no  civilization  would  bavo  been  born  and 
humanity  would  not  have  arisen  above  barbarism. 

Lombroso  and  Ferrero  discnss,  in  a  work  entitled  "La  Donna  delin- 
qnente,"  the  subject  of  the  criminality  of  women.  To  their  view  the 
crimes  of  men  and  those  of  women  are  two  quite  ditfereiit  maladies, 
having  certain  symptoms  in  common  but  many  more  in  which  they 
differ  widely.  Women  commit  fewer  crimes  than  men,  all  statistics 
are  agreed  on  that.  M,  G-uillat  estimates  the  criminality  of  men  to  be 
six  times  greater  tliau  that  of  women  and,  a4;cnrding  to  (^netelet  and 
Tarde,  the  tendency  to  crime  is  Ave  or  six  times  more  developed  in 
men. 

Leaving  ont  of  view  difference  in  legislation  as  to  the  sexew,  M.  Proal 
attributes  the  freedom  of  women  to  their  greater  religious  spirit,  their 
iudoor  life,  the  smaller  number  of  employments  which  provoke  to  crime, 
like  forgery  and  defalcation.  Women  go  about  les.s,  and  drink  less, 
than  men. 

From  the  evolutionist's  standpoint,  according  to  Ferrtn>,  the  female 
has  been  less  exposed  to  the  struggle  for  existence.  The  sexual  strug- 
gle does  uot  exist  for  her  at  all  and  in  higher  civilization  her  degenera- 
tion produces  crime  in  men.  Ferrero  sums  up  the  causes  of  woman's 
smaller  susceptibiHty  to  crime  as  follows: 

(1)  Wnncn  arc  iihysically  weaker  nnd  more  timid. 

(2)  Feebler  sexnatity,  strong  nisteruity  and  pity. 

(3)  Tlie  intelligence  of  woman  is  lenB. 

Migrations. — Dr.  Soplius  Miiller,  of  Copenhagen,  published  in  M^m. 
See.  Roy.  des  Antiq.  du  Xord  a  study  upon  cutting  implements  in  the 
Stone  Age,  drawing  the  conclusion  that  parts  of  France  and  the  Ibe- 
rian [leninsula  were  inhabited  first.  The  argument  is  based  upon  the 
ruder  forms  of  the  southern  tools.  M.  Bertrand's  work  "Nos  Origi- 
nes,"  holds  to  the  opinion,  however,  that  about  1200  B.  C.  tlie  Liguri- 
ans  came  southward,  flnding  central  France  and  Spain  oc('upied  by 
Iberians  wiio  were  driven  westward  by  Celts. 

Prehistoric  commerce. — In  the  Verbaiidlungeii  der  Iterliner  aiitliro- 
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pologische  Gesellschaft  the  snbject  of  ancient  commerce  is  discussed 
by  (t.  Schweinfortli  and  Merensky,  the  former  dealing  with  the  infla- 
euce  of  western  Asia  and  India  npon  Egypt,  tlie  latter  witli  India  as 
affecting  even  the  industries  of  Central  Africa. 

The  arch»ologist»  are  also  able  to  bring  some  noteworthy  contribn- 
tioDs  to  this  enquiry.  In  America  certain  types  of  basketry  and  pet- 
itory are  kiiown  to  have  t>een  peculiar  to  certain  lingnistic  stocks.  But 
exatni>les  of  these  are  found  elsewhere  in  ever-decreasiug  numbers  as 
they  depart  irom  this  source. 

Till. — ^REUGION   AMD   POLK-LOBE. 

t>u  the  I6th  uf  April  there  wa.s  publicly  opened  in  the  Museum  of 
Archieolog}'  of  the  Cniversity  of  Pennsylvania  a  loan  collection  of 
objects  used  in  worship.  It  was  divided  into  sections,  that  devoted  to 
the  religious  of  Egjpt  being  in  charge  of  Mrs.  Cornelius  Stevenson, 
that  of  India  was  armugiHl  by  Snamee  Bhaskara  Kand  Saraswatee; 
thut  uf  China  by  Chinese  si-holars,  and  so  on,  each  section  being  as- 
tugueil  to  some  one  specially  fitted  to  the  task.* 

The  American  Folk-lore  Society  was  organized  in  l^ecember,  1892, 
for  the  ensuing  year,  as  tollows: 

I'KRlUrut,  Humtio  Hitle. 

Vltw  PiMiavutB,  Alc^  Purtiei  and  D.  P.  P«nbaUun. 

Cuiiiitil.  ¥nu»  B(H».  H.  Carringtun  Boltnn,  D.  G.  Briuton,  A.  F.  Chamberlain,  J. 
Owoii  Dvrmi.v.  Alice  C.  n^tcher,  G«urge  Bitd  Grinaell,  Otis  T.  Hmod,  Frederick 
W.  l-iituaui. 

t*«i.r.'t«tle«,  W.  W.  NeweU,  J.  Walter  Fewkea. 

Treiwiiret,  Johu  It.  Hiatun. 

Ciirutur,  Stewart  Culiu. 

The  orgau  of  this  society  is  the  Journal  of  American  Folk-lort, 
Issued  ((uarterly.  lu  addition  to  the  original  papers  and  proceedings 
of  the  society  and  its  brancbeH  contained  in  this  Journal,  there  is  a 
resume  of  folk-lore  throughout  the  world,  and  an  extended  bibli- 
ography, which  is  especially  good  in  periodical  literature. 

The  fourth  anuiinl  meeting  of  the  American  Folk-lore  Society  w 
held  lit  the  Thoriidike  Hotel,  Boston,  Mass.,  on  December  28,  and  at 
the  I'eubody  Museum  of  Amerioin  Ethnology  and  Archieology,  Cam- 
bridge, Mass.,  (Ill  December  29,  Prof.  Edward  S.  Morse  presiding.  Tbe 
following  palters  were  read : 

i  tbe  aDimal  Htariiti  of  other  coimtriM, 

llri>>«i<rllloe  among  tbe  Imliana  of  Maioe,  Miss  A.  L.  Alger. 

till'  A>:oriaii  Colonies,  H.  R.  Lang. 

'»i'lti  itnil  its  prototypal,  H.  Carringtou  Rolton. 

Abi'iiikltla,  A.  R.  Tisdale. 
il"  <>r  the  end  of  Hiawatha,  H.  H.  Kidder. 

lidliiU.v.  <).  II.  (irinnell. 


«  priiitiMl  catalogue,  and  Scienix,  N.  Y.,  zix.,  22&. 
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Blaekfoot  mytliology,  J.  Uaclean. 

Tbe  Algid  ManBboiho,  J.  C.  Hamjlton. 

Medicine  men  Kod  certain  lodian  mytba,  Henry  Mott. 

Doctrine  of  m>d1b  among  the  Chiuook,  Dt.  Fniuz  Boaa. 

Christ  in  folklore,  A.  F.  Cbunberluin. 

Animal  and  plant  weather  provecba,  Fanny  D.  Bergen. 

CnatomB  and  traditions  of  the  Ainoe  of  Japan,  D.  1'.  Peahallow. 

The  penuanent  results  of  the  Folk-tore  Gotigress  held  in  LoDdon  in 
1891  are  given  to  the  public  in  a  volume  of  472  page»,  entitled  "Papers 
andTrausactions."  The  mBt«riaI  is  arranged  under  thefotirsectionscalled 
Folk-Tale;  Mythology;  Custom  and  lustitiition ;  General  Theory  and 
Classification.  The  president  of  tlie  <M>ngress,  Mr.  Andrew  Lang,  and 
the  vice  presidents  of  the  sections  delivered  addresses,  and  papers  of 
great  merit  vere  read.  The  most  important  discussion  was  that  con- 
cerning the  independent  origin  of  folk  incidents.  Under  the  title 
"Bibleoth^ue  de  Carabas,"  David  Kntt  has  issnetl  seven  volumes 
which  are  of  especial  delight  to  folk-lorists,  to  wit:  Cupid  and 
Psyche,  by  William  Adilngton ;  Euterpe,  the  Second  Book  of  Herodotus, 
Englished  by  B.  B.,  1584;  The  Fablee  of  Bidpai,  or  the  Morall  Philoso 
phie  of  Doni,  Englished  out  of  Italian  by  Thomas  North,  1570,  now 
edited  by  Joseph  Jacobs;  The  Fables  o:  Rsopas  pnnt«d  by  W.  Caxton 
in  1484,  edited  by  J.  Jacobs:  The  A..1I8  of  Caius  Valerius  Catallus, 
translated,  etc.,  by  Grant  Allen;  Plutarch's  Romane  Questions,  trans- 
lated in  1603  by  Philemon  Holland. 

Plutarch's  Romane  Questions,  translated  in  1603,  by  Philemon  Hol- 
land, M.  A.,  of  Trinity  College,  Cambridge,  haa  again  been  edited  by 
Mr.Jevons,  of  the  University  of  Durham,  with  additional  dissertations 
on  Italian  culta,  myths,  taboos,  man-worship,  Aryan  marriage,  sympa- 
thetic magic,  and  the  eatiug  of  beans.  Plutarch's  Bomane  Questions 
is  said  to  be  "the  eaj-liest  format  treatise  on  the  subject  of  folk-lore." 
Plntarch  was  the  first  "to  make  a  (rollection  and  selection  of  dates, 
and  to  give  them  a  place  of  their  own  in  literature."  Plutarch's 
answers,  however,  are  not  in  the  modern  vein,  for  they  are  framed  on 
the  assumption  "that  the  customs  that  they  are  iutended  to  explain 
were  consciously  and  deliberately  instituted  by  men  who  possessed  at 
least  as  much  culture  and  wisdom  as  Plutarch  himself." 

The  current  literature  on  the  scientific  study  of  religions  is  to  be 
followed  np  in  the  Annates  dn  Mus^e  Gniniet,  and  esjtecially  in  the 
Sevue  de  I'Histoire  dei  Religions,  published  on  the  Guimet  foundation 
nnder  the  direction  of  M.  Jean  de  Reville,  with  tlie  cooperation  of 
Barth,  Leclercq,  Decharme,  Hild,  Lafaye,  Maspero,  Renan,  and  Tiele. 

The  volume  of  La  Revue  for  the  year  1S92  contains  the  following 
original  papers : 

Le  dien  romain  Jaone.    J.  S.  Speyer. 

Lm  hymnes  du  Rig  V^da,  8ont-iln  dea  priSrea.     Paul  Regnand. 

Bulletin  de  la  Religion  Juivp. 

Le  d^nombrement  deasectvs  mohametanea.     I.  (jo)dziber. 

BnUetiu  archtologique  de  In  Religion  RnmHine,  Aug.  Adollent.       (^OOolc 
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Coutea  UoDdhiqnes;  1.  La  L^gendo  de  Cfkhupalu  'J.  La  LiSgeode  de  Mtddh^ 
knnilale.     Valine- PouMiu  et  Godefroy  do  Blunitj'. 

Esi^uiBBe  des  huit  Bectes  boudhistea  de  Japon,  Gjaa-neu  (1289  B.  C  )  trana.  Alfred 
Millwud. 

EniL'st  RenaD,  Albert  R^ville.  Bulletin  orcb^ologique  de  la  Reli){[on  Oncque. 
PieiTB  Paris. 

Oarci  Ferrass  de  Terena  et  le  Juif  Boena.  Seines  de  la  vie  religiense  en  Espagoe 
Ik  la  Gil  dii  XIV  siecle.    Lucien  Dollfua. 

Fragniente  d'l^vangile  et  d'apocalypaes  d^coaverta  en  Egjpte.     Ad.  Loda. 

Ill  each  number  ia  a  review  of  book.s,  a  chronicle  of  what  is  doing 
along  the  line  of  the  Bcientitic  study  of  religions,  abstracts  from  peri 
odical  articles  and  from  the  transactions  of  leariietl  societies,  and  » 
chissifled  bibliography.  For  some  reason  the  date  of  publication  is 
omitted  in  every  case,  which  detracts  much  from  the  value  of  tbe  book 
lists;  but  ill  tbe  abstracts  from  periodicals  an  indispensable  list  of  jour- 
uals  and  their  contents  will  be  found. 
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THE  ADVICNT  OI'  MAN  IN  AMERICA.* 


By  Abmanu  de  Quateekaqeb. 


One  of  the  chief  problems  of  antbrogiologistK  in  regard  tn  Aitiericn 
in  tliat  of  tlie  origin  of  its  inhubibtuta.  Were  the  urigiual  Aiiiericaii 
people  related  to  those  of  the  Old  World?  Or  were  tliey  )udigeuou>4 
to  America  and  vithoat  ethnologic  relation  to  other  populations  T  Both 
these  views,  as  yon  are  aware,  have  had  their  partisans.  I  have  al- 
ready made  known  my  opinion  upon  this  subject,  which  is  that  America 
n-as  originally  peopled  by  emigrants  from  the  Old  World,  I  propose 
to  give  a  brief  r^sum^  of  the  grounds  of  this  conviction. 

I  recall  two  rules  which  I  have  constantly  followed  in  the  solution 
of  questions  sometimes  so  ardently  contested,  which  are  raised  in  the 
history  of  Man.  The  first  rule  is,  to  put  aside  absolutely  every  con- 
sideration borrowed  from  dogma  or  philosophy,  and  to  invoke  only 
science,  that  is,  expenence-and  observation.  The  second  rule  is,  not 
to  isolate  man  from  other  organized  beings,  but  to  recognize  that  he  is 
subject  (in  all  that  is  not  exclusively  bumuu)  to  all  the  general  laws 
which  govern  equally  auimals  and  plants.  Hence  no  doctrine  or  opin- 
ion is  to  be  regarded  as  true  which,  considering  man  as  an  animal, 
makes  him  an  exception  among  organized  beings. 

Let  us  apply  these  principles  to  the  question  before  us,  but  more 
bivadly;  for  it  is  but  a  special  case  of  a  still  more  general  problem, 
Han  is  everywhere  now.  Did  he  appear  every  where  in  the  begiuuingf 
If  not  absolutely  cosmopolitan  in  its  origin,  did  the  human  race  origi- 
nate at  an  indefinite  number  of  points;  or,  originating  at  a  single  and 
limited  spot,  has  it  gradually  taken  i>o8sessioQ  of  the  whole  earth  by 
migration  T  At  first  thought,  we  might  suppose  the  answer  to  these 
questions  would  be  diflerent  according  as  we  admit  the  existence  of 
one  or  many  human  species,  but  this  is  an  error;  for  we  shall  see  that 
on  this  point,  at  least,  the  Folygeniats  may  shake  hands  with  the 
Monogenists  without  being  involved  in  any  contradiction  with  the 
facts.    Let  us  take  first  the  Monogenistic  view. 

Physiology,  which  leails  ua  to  recognize  the  unity  of  the  human 
species,  teaches  us  nothing  relative  to  its  geographic  origin;  it   is 

'PTMidentlal  adOreiw  delivereil  before  tbn  Kighth  IntematioDftl  Coagrew  of 
AiMrionniBts  at  it»  MWiion  in  P.iria,  1890.  (I'rwemlingH  of  tha  8tli  Hessinii :  Coiigr. 
Intcniat..  p[)..43-l». 
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otberwise  with  the  science  that  in  occupied  concerniiig  the  diBtriba- 
tion  of  auimals  and  plants  over  the  surface  of  tho  globe.  The 
geography  of  organized  beings  has  its  general  laws,  which  it  is  aect*- 
Bary  we  sbonld  know  and  interrogate  if  we  would  solve  the  problem  of 
the  peopling  of  the  world. 

The  first  restUt  of  tliis  study  is  to  show  tliat  true  coamopoUtism'-as  ' 
attributed  to  maD — does  not  any  where  exist  either  in  the  animal  />rxi 
the  vegetable  kingdom.  Id  support  of  this  proposition  it  is  propotied 
to  cite  some  testimony.  On  the  subject  of  the  vegetable  kingdom, 
Candolle  sayai  "So  pha^erog  imous  plant  extends  over  the  whole  sor- 
face  of  tho  eac^h.  There  are  not  more  than  eighteen  of  these  plants 
which  extend  over  an  araa  equal  to  half  the  earth,  and  no  tree  or  sbiub 
1b  among  those  plants  which  haa  the  greatest  extension."  . 

In  my  lectures  upon  this  subject,  I  have  cited  the  beat  scientifle  an- 
tborities  respecting  the  principal  groups  of  marine  auimals,  either  of 
salt  or  fresh  water.  I  have  reviewed  the  l^una  of  the  air,  beginning 
with  the  insects,  and  I  have  dwelt  to  some  ext«nt  on  fishes  and  rep- 
tiles. Omitting  all  the  rest  of  the  birds  I  notice  the  Peregrine  falcon, 
the  area  of  whose  habitat  is  tlie"  most  extended,  occupying,  as  it  dws, 
ell  the  temperate  and  warm  regions  of  the  Old  and  ITew  World,  bat  ' 
doea  not  reach  the  Arctic  regions  or  Polynesia. 

Auatomatically  luid    physiologically,  Man  is  a  mammal,  nothing 

more,  nothing  less.    This  class  interests  us  more  than  the  prece4lin^, 

and  ftirnisbes  us  with  knowledge  more  prectae.    Permit  me,  then,  to 

enter  upon  certain  details,  taking  for  my  guide  the  great  work  of 

Andrew  Murray,  which   became  classic  upon  its   appearance.     By 

reason  of  their  strength,  their  great  power  of  locomotion,  and  by  the 

expanse  and  continuity  of  the  seas  which  tliey  inhabit,  the  Cetaceans 

would  seem  to  have  both  the  greatest  capacity  and  opportunity  to 

become  cosmopolitan,  but  Huch  is  not  the  case.     Each   species  is 

restricted  to  an  areamoreorlessextended,  from  whii  .  indivrdoals 

oceasionaj^v  make  excursions,  but  always  soon  ivtum  to  their  proper 

limit.     '}■■        exceptions  have  been  claimed  to  this  general  role.    A 

Rorqual,  ,i.  itb  large  flippers  (the  "  humpback  "],  and  a  boreal  Balienop- 

tera  ["finback"  whale],  nsitives  of  temperate  and  frigid  seas,  have  been 

found,  the  first  at  the  Cape  of  Good  Hope,  the  second  at  Java,    But 

"    "         '».  said  by  Van  Beneden  and  Gervais,  the  two  greatest 

Cetologj-,  to  be  at  least  doubtfiu;  but  accepting  them 

remains  tliat  neither  specie*  has  ever  been  found  in  the     | 

ler  America  or  Polynesia.    Among  other  animals  tliau 

,  there  is  nothing    to  be   found   approaching  even  a 

politism.     Here  again  1    am   to   spare  you  details.    It 

II,  that  EdeutateM  and  Pachyderms  have  their  reapective 

riy  defined,  and  if  the  horse  and  the  hog  are  today i" 

because  tbey  were  imported  by  Europeans. 

of  liuminants  which  inhabit  the  north  of  the  two  <*"■ 

Dg-:ec  by  Google 
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tinente  is  very  small.  The  Reindeer  and  the  Cariboa  ai-e  geDerallj- 
regfu'ded  as  only  varieties  of  one  species.  Brandt,  witli  some  reaerva- 
tioos,  says  the  same  of  the  Bison  and  the  Auroch,  the  Argali  (Asiatic 
irild  sheep),  and  the  Bighorn  (Bocky  Monnbtin  sheep).  But  none  of 
these  specieH  are  found  in  the  varm  regions  of  these  two  hemispheres, 
UOT  in  all  Oceanica.  The  Oaruivora  offer  similar  facts  to  the  preced- 
iD)(,  bat  when  we  come  to  the  Cheiroptera  and  the  Qnadmrnana  wedo 
not  find  a  single  species  common  to  both  continents,  or  to  the  rest  of 
the  TOrld. 

Thas  among  all  organized  beings,  whuther  itlant  or  animal,  there  is 
not  a  cosmopolitan  after  the  manner  of  man.  Niiw  it  s  evident  that 
the  area  of  the  actual  habitat  of  any  animal  or  vegetable  species  in- 
cludes the  center  where  that  species  flr»t  appeared.  By  virtue  of  the 
law  of  expansion  the  center  should  likewise  be  less  in  extent  than  the 
occupied  area.  No  plant  and  no  animal,  therefore,  originated  in  all  the 
regions  of  the  globe.  To  snpitose  tliat  in  the  beginning  man  appeared 
everywhere  that  we  now  see  him  would  be  to  make  an  exception  of 
him  which  would  be  nnique.  The  hypothesis  therefore  can  not  be  ac- 
cepted, and  eveiy  monogenist  will  reject  the  supposition  of  the  initial 
cosmopolitism  of  the  human  species  as  a  false  conclusion. 

The  Folygenists  must  accept  the  same  conclusion  unless  they  refiiae 
to  apply  to  man  thelawsofgeography,  botany,  and  zo(>lagy  that  govern 
all  other  beings.  In  fact,  to  whatever  extent  they  have  multiplied  the 
species  of  man,  whether  they  assume  that  there  are  two  with  Virey, 
Qfteeii  with  Bery  Saint-Vincent,  or  an  undetermined  but  considerable 
DDmber  with  G-liddou,  they  have  always  united  them  into  a  single 
genus;  and  they  could  not  do  otherwise.  Now  a  huumn  genus  can  be 
no  more  cosmopolitan  than  a  linman  spe<'ieB.  Speaking  of  plants, 
Candolle  says,  "  The  same  caases  have  borne  on  genera  and  on  si>ecies,'' 
and  this  is  as  ''""A  of  an  imals  as  of  plants. 

Restrioti'ii^  '  .■'.-:^i^Ives  to  manimuls,  among  the  cetacean;*,  Murray 
thinks  that  the  genera  of  the  rorcgual  and  the  dolphin  are  r  presented 
in  all  the  seas.  Van  Benedeii  and  (iervais  dispute  this.  V*'  -^ill  how- 
ever admit  it;  it  does  not  all  weaken  our  conclusion,  for,  ex(^)ting  the 
cetaceans,  there  can  be  no  question  of  generit^  cosmoiiolitism.  Of  the 
mminants,  the  genera  of  the  deer,  the  ox,  et^^'. ;  of  the  carnivora,  the 
cat,  bear,  etc.,  have  representatives  in  both  worlds,  bi-*  ,  „«  In  Aus- 
tralia or  Polynesia.  As  we  examine  the  higher  groups,  we  see  the 
number  of  these  genera  of  largt-  area  diminisliiug,  until  finally  not  a 
single  genus  of  monkey  is  known  to  be  common  to  the  Old  and  tlie 
SewContinent;  and  the  Simian  type  itself  is  wanting  in  the  greater 
part  of  both  worlds  and  i  Oceania. 

Thus,  whether  we  regard  animalK  by  si>ecies  or  by  genera,  the  area 
•jf  their  habitat  becomes  more  restricted  as  the  animals  arc  higher  in 
the  zoologic  scale.  It  is  the  same  with  the  vegetable  kingdom.  Can- 
ilolle  says:  "  The  mean  area  of  species  is  as  much  smaller  as  tlii^  class 
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lo  vvliit'U  ilu<y  bcluutc  liiu  a  mure  uomptete.  mure  develofied.  or  iu  other 
nittilF>  .1  iiitira  ^rlvt.'t  orgunizatioii.'' 

I'tie  f{n-uU'r  ivHtrk'tiui)  of  the  area  in  proportaon  to  the  increaaing 
)tw(-ttH-ttoii  of  tbf  urttutu-'*u  is  then  a  general  fact,  a  law  applicable  to 
<ill  iii-uitrii/^vHi  lit>iii;:><.  aiul  which  in  easily  esplaioed  by  pbyBiology. 
Nirw  tilts  luw  tK  iu  liirvt't  uppositiou  to  the  hypothesis  that  there  can 
t<\iH(  It  hutiiiiii  x^'utii^  (HtmpriHiiig  several  distinct  species  which  have 
,Hil>*'ar»Hl  111  v'i*ry  nuarteref  the  earth,  wherever  we  now  find  men.  In- 
Mrkiiiu  Ibv  authurity  t>f  Murray,  and  the  universality  of  habitat  which 
U«»  ^tdulMitt^  to  ttit>  geuera  of  the  rorqual  and  the  dolphin,  ]>olygeniBte 
iititila  U'  ^^■u»^^t^'*l  t«>  "uy,  "  uou-cosnioiMiUtiBin  already  presents  two  ex- 
t«v|»t  »>»■*.  W  tiy  ttiii^'  tht«iv  not  be  iv  third  T  Two  ^nera  of  cetaceans  are 
iwi>ivw'tiivHt  utaumllj-  in  all  the  m-jui.  Why  may  not  the  buman  genus 
t)<«>\<  t)>i>tvM><U  »t  tht>  start  iu  every  laitdt"  Thin  reasoning  is  fealty 
.ti  lit  K>(iiuU(ti»i.  Tti*>  roryiual  itnd  the  dolphin  belong  to  the  loveet 
t>t>ti<t  t>l  uutHMitctltti.  Man.  if  we  regard  the  body  alobe,  is  of  the 
lii^lnv.!  m-*!*'),  rwU'tw  we  constitute  them  a  single  exception,  tbey 
ii.ii.t  .>t^<>  lht>  UtU'ior  the  superior  grouj);  couseqaently  they  can  not 
vwt)<4t  tin'  !«>'  »'f  iiK-rensing  re«triction  of  area. 

It  tt>IU>nt  lUi'ivfore  that  a  human  genuK,  as  the  polygenista  under- 
xl'tukt  It.  tu»H(  htivo  (HTupied,  iu  its  origin,  mi  area  no  more  extended 
IhuH  (hut  wUii'li  has  comprehended  some  genera  of  monkeys.  But 
HtitoitK  I't*'  UHiiiki'ys  theniKelves  all  uataralist^  recognize  a  bierarcbj; 
all  |>lal^«^  at  their  head  the  order  of  anthropoid  apes.  It  is  tiieii 
I'lt'iii  thr  HtM^nidiiry  groups  of  this  family  that  polygenists  should  ask 
lot  iiiiliiMilioiiK  of  the  ]N>SHibIe  ext<'nt  of  area  primarily  accorded  t«  tbu 
liiiiitiui  1,'ennH;  and  it  is  well  kuown  how  inconsiderable  is  the  area 
oi'tiU|iit<(l  by  tlio  genera  (ribbon,  Orang,  Gorilla,  and  Chimpanzee. 

Whiitever  our  [xiint  of  \'iew,  we  have  either  to  assume  that  man 
iiloiiiieiM'.ii|iiid  the  laws  which  have  regulated  the  geographical  diHtri- 
liutiiui  of  all  other  organized  beings,  or  else  admit  that  the  primitive 
Irilies  were  domiciled  upon  a  very  restricted  space.  Judging  from 
tn'imunt  ennditiuus,  making  the  largest  concessions,  neglecting  the  in- 
iiiiititutahle  suj»eriority  of  the  hitman  tyi>e  over  the  Simian  tyi»o,  all 
lliul  the  ))olygeiiistic  hy|K)thesis  jiermitM  is  to  regard  that  area  as 
iiuvin^  been  nearly  eqaivalent  to  that  occupied  by  the  different 
npiK'iiiPt  of  (iibbons  which  range  on  the  continent  from  Assam  to 
.Miihu-iui;  in  the  islands  from  the  Philippines  to  Java.  Monogenism  or 
(iiiiiiw^  londs  to  restrict  this  area  still  more,  and  to  make  it  equal  at  mo^t 
Id  I  loti  of  the  Chimpanzee,  which  extends  nearly  from  the  Congo  river  to 
Mhi  While  Nile.  I  would  be  the  first  to  i-ecognize  that  we  may  jwrhaps 
llHM'  lo  enlur^e  these  limits  at  some  later  time.  I  consider  theexist- 
loiin  liming  the  Tertiary  geologic  epoch  to  be  demonstrated^ 
V  the  Kiuiifi-nphical  distribution  of  the  monkeys,  his  coiit«njp">- 
"iiniiHli  niiii-e  pri*cise  iiifommtion  upon  the  primarj'  extension 
(ir  of  mau'H  ivpivearauce.     Palieontology  has  taught  uii  that 
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the  area  foruierly  occupied  by  the  tjimian  type  was  evidcDtly  more 
considerable  than  it  is  now.  It  may  have  been  tbe  same  with  the  an- 
tbropoid  apes,  but  down  to  the  present  time,  no  fossil  is  connected  with 
that  family.  The  extinct  dryopithcciis,  long  regarded  as  belonging  to 
tbem,  has  been  shown  by  the  examination  of  the  best  preserved  remains 
to  be  nothing  more  than  an  inferior  ape.  The  general  laws  of  the  geo- 
graphic distribution  of  beings,  and  especially  that  of  increasing  restric- 
tion of  area,  with  saperioritf  of  organization,  permit  ns  to  affirm  that 
man  primarily  occupied  only  a  verj'  limited  part  of  the  globe,  and  that 
if  he  is  now  everywhere,  it  is  because  he  has  covered  the  earth  by  means 
of  his  emigrant  tribes. 

I  am  aware  that  this  idea  of  the  peopling  of  the  globe  by  migrations 
has  disqaiet«d  many  persons.  It  puts  directly  before  us  an  immense 
nnknown ;  it  raises  a  world  of  questions,  a  large  number  of  which  may 
appear  iuaccesaible  to  our  investigations.  It  has  been  often  said,  "Why 
creat«  all  these  difficulties}  It  is  more  natural  to  confine  ourselves  to 
the  popular  movement  attested  by  history,  and  accept  antochthontsnt, 
especially  among  the  lower  savages.  How  could  the  Hottentots  and 
tlie  Fuegiens  reach  their  present  country  starting  from  some  nndeter- 
mined  point  posited  in  the  north  of  AaiaT  Such  voyages  are  impossible; 
tliese  i)eopIefi  were  born  at  the  Cape  of  Good  Hope  and  at  Cai>e  Horn." 
These  suggestions  may  be  answered  by  an  anecdote  borrowed  from 
Livingston,  the  bearing  of  which  will  be  easily  comprehende<l.  Ttiis 
ilioBtrious  traveler  relat*?s  how  in  his  youth  he  with  his  brothers  made 
long  excursions  devoted  to  observations  in  natural  history.  "  In  one 
of  these  exploring  tours,"  he  says,  "before  the  study  of  geology  had 
become  as  common  an  it  did  later,  we  went  into  a  limestone  quarry. 
It  is  imijossible  to  express  with  what  Joy  and  astonishment  I  set 
myself  to  picking  out  the  shells  which  we  found  in  the  Carboniferous 
rocks.  A  qnarryman  looked  at  me  with  that  air  of  compassion  which 
a  kindly  man  takes  on  at  the  sight  of  a  person  of  feeble  mind.  I  asked 
him  how  these  shells  came  in  these  rocks,  he  answered,  'When  Ood 
made  the  rocks,  he  made  the  shells  and  put  them  Uiere.'"  Livingston 
adds,  "What  pains  geologists  might  have  spared  themselves  by  adopt- 
ing the  Ottoman  philosophy  of  that  workman."  It  may  be  asked,  in 
turn,  where  would  geology  have  been  if  men  of  science  had  adopted 
that  philosophy !  I  ask  the  anthropologists  to  imitate  the  geologists: 
I  invite  them  to  inquire  how  and  by  what  way  the  most  distant  i^eojiles 
have  radiated  from  the  center  of  the  first  apjwaranee  of  man  to  the  ex- 
tremities of  the  globe.  I  am  not  afraid  to  predict  brilliant  discoveries 
t)i  those  who  will  set  themselves  seriously  to  the  study  of  the  numerous 
Hiid  well-established  migrations.  In  this  the  past  permits  a  glimpse 
into  the  future. 

Some  years  since,  when  objOL-tors  used  the  language  I  have  just 
recalle«l,  they  did  not  fail  to  a<ld  Polynesia  to  the  list  of  regions  which 
tnaii,  then  destitute  of  all  our  perfected  arts,  <^ould  not  have  reached. 
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It  is  uow  known  Iiow  ('Hmpletelj-  audi  smsti-tious  Lave  been  contift- 
dicted.  Adding  liis  perMoioiI  researches  to  those  of  his  preilecatsora. 
Hale  first  drew  a  miii>  of  Polyiie8iaii  migrations.  Twenty  yoars  later, 
aided  by  the  docnnients  Hubaequeutly  collected,  I  Avas  able  to  com 
plete  the  work  of  the  learned  Aineriean.  Xow,  as  has  been  said  by 
the  lamented  Gausain  (so  competent  to  speak  in  all  that  relates  M 
Oceautca),  the  peopling  of  Polynesia  by  migi-ations  startiD^;  from  tbf 
Indian  Aivhipelago  is  as  clearly  demon  strate<l  as  the  invasion  ol 
Europe  by  barbarians  in  the  Middle  Ages. 

Like  Polynesia,  America  was  i)eopleil  by  colonies  of  emigrants  frum 
the  Old  World.  Their  point  of  departure  is  to  bo.  discovered  and 
their  tracks  to  be  followed.  The  labor  will  indeed  be  more  difficnii 
and  longer  upon  the  Continent  than  in  Oceanica.  principally  bevsiue 
the  mtgrationB  were  more  numerous  and  go  back  to  a  higher  antiqiiit.T. 
The  fli'st  Indonesian  pioneers  who,  departing  i'rom  the  Island  of 
Bouro,  landed  in  the  Sanioan  and  Tongan  arcliipelagos,  probsblv 
uiade  the  passage  near  the  end  of  the  fifth  century,  or  about  the  time 
of  the  conversion  of  Olovia.  The  peopling  of  Sew  Zealand  by  emi 
grants  from  the  Manaias  goes  ba^-k  at  most  to  the  early  years  of  the 
fifteenth  century.  Thus  the  peopUng  of  Polynesia  waa  all  B*:com- 
pUshed  during  our  Middle  Ages,  while  the  first  migrations  to  Ameiir-.^ 
date  from  geological  times.  Two  sa\'ant8,  to  whom  we  owe  precious 
discoveries,  Ameghiuo  and  Whitney,  have  traced  the  existence  of  maB 
in  America  bwk  to  the  Tertiary  age.  It  is  troe  that  this  opinion  hac 
been  contested  by  men  of  equal  i-epute ;  but  1  believe  that  the  ^iew  of  j 
these  men  is  confirmed  by  a  comparison  of  the  fossil  faunas  ofthf  | 
pampas  of  Brazil  and  the  California  gravels. 

Judging  by  what  little  we  know,  man  reached   Tiombardy  and  the 
Cantal  before  he  hud  penetrated  to  America.     It  is  nettessary  ben'. 
without  doubt,  to  make  the  most  formal  i'eser\es  in  favor  of  future di" 
coveries;  but  if  the  fiict  is  confirmed,  it  would  seem  to  admit  of  ea«y 
explanation.     Everything  leads  me  to  believe  that  the  separation  be- 
tween America  and  Asia  as  now  existing  took  place  before  the  Qaar- 
teruary  epoch.     If  it  was  otherwise  the  siM-cieti  of  mammalia  common 
f  both  continents  would  have  been  more  numerous.    1'h^ 
animals  on  the  shore  of  the  Bering  Sea  and  Strait  have 
there.     But  when  the  gi'eat  geologic  winter   substituted 
l>erature  for  a  climate  similar  to  that  of  Galifornik,  tbe 
iry  tribes  were  forctnl  to  migrate  in  every  direotiou,    A 
er  of  them  may  have  embarked  upon  the  ice  extending 
two  shores,  and  thus  have  arrived  in  America  with  tltf 
lid  their  western  congeners  in   France   with  the  same 
m  that    time  the  era  of  immigration  was  opened  lot 
ias  never  been  closed  since.     Each  year  the  winter  re- 
idge  which  unites  East  Oajre  with  the  Cape  Prince  O" 
year  a  road — relatively  easy  for  tlie  hardy  pedestxiaf*! 
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!)tretctieH  from  one  ixiiiMueiit  to  the  other;  and  ve  kiiow  tliat  the  pop- 
ulation of  the  two  opi>o»mjr  shores  tiike  ft(K'ntit4itre  of  it  to  maintain 
ponununieationij  irith  each  other. 

Whenever  one  of  those  great  swrialivgitjitionnof  Asia  made  its  waves 
felt  in  distant  countries;  whenever  revolutions,  iwlitiral  or  social,  over- 
wliolmed  them,  is  it  not  evident  that  the  fhgitive»i  or  tlie  vaoquished 
would  often  have  taken  this  route,  of  the  exiMteiu-e  of  which  they  were 
aware  1  To  reject  the  idea  of  snch  ini^ationK  over  the  &ozen  seas,  it 
would  be  nei'essary  ta  suppose  that  since  the  (commencement  of  the 
Quarternary  perio4l  all  neighboriiiif  regions  have  enjoyed  a  perpetual 
pence ;  but  we  all  know  that  such  a  peace  is  not  of  this  world.  This  sea 
may  not  have  been  the  <»nly  route  followed  by  American  immitn^tions. 
Tli«  chain  formed  by  tlie  Aleutian  islands,  iiud  Alaska  further  to  the 
south,  oi>enwl  a  second  route  tc  tribes  which  possessed  a  little  skill  in 
navi{ration.  The -Ueuts  occupy  in  l'ri>f.  Dall's  cthuolopical  chart  the 
whole  extremity  of  thcpeninsulu. 

By  these  ways,  what  we  might  c^ll  the  normal  jieopliug  of  America 
may  hitve  taken  place.  But  bathed  on  either  side  by  a  great  ocean, 
this  continent  conJd  not  f&\\  to  profit  by  the  haxiirds  of  navigation,  and 
we  can  recognize  more  and  more  how  it  may  have  been  done.  l.t  may 
DOW  be  said,  that  with  Enroi)e  and  Af^ea  on  one  side  and  Ania  and 
Oceania  on  the  other,  these  have  sent  to  -^Vmerica  a  number  of  invol- 
untary colonies  more  eonsidentble  perhaps  than  might  be  supposed. 

Immigrations  in  America  as  well  as  in  Europe  have  been  intermittent, 
and  separated  sometimes  by  centuries.  Americ-a  has  been  peopled  aa  if 
by  a  great  human  river,  which,  rising  in  Asin,  ha«  traversed  the  conti- 
neot  from  north  to  south,  receiving  along  its  ccmrse  a  few  small  tribu- 
taries. This  river  resembles  the  torrent  streams  of  which  there  exist 
examples  in  France.  Usoally,  and  sometimes  for  years  at  a  time,  their 
bed  is  nearly  dry.  Then  a  great  storm  comes  and  a  liquid  avalanche 
deiwends  from  the  moimtiuns  where  their  sources  rise,  covers  and  rav- 
Hges  the  plain,  tnniingover  the  ancient  alluvinms,  disturbing  and  miug- 
ling  the  old  and  new  material,  carrying  farther  each  time  the  debris 
enxled  on  its  passage.  Such  has  been  the  career  of  our  ethnological  river. 
Its  floods  moreover  have  often  been  diverted  to  the  right  or  left,  and 
it  has  opened  neit  channels.  It  has  also  had  its  eddies ;  but  its  general 
direction  has  not  changed,  and  we  can  trace  it  down  to  the  present. 

One  of  the  most  agreeable  tasks  for  the  students  of  American  pre- 
liistoric  anthropology  will  be  to  retrace  this  river  np  to  its  source;  to 
,  determine  the  succession  of  its  floods;  to  distinguish  the  origin  and 
nature  of  the  elements  which  it  has  swept  down;  to  follow  those  ele- 
ments from  stage  to  stage,  and  to  thus  re<;over  the  route  each  one  of 
them  has  taken  to  the  point  of  its  arrival ;  in  other  words,  to  write  the 
history  of  these  nugrations  of  the  different  people  of  America.  The 
accomplishment  of  this  task,  as  has  already  been  said,  is  indee4l  much 
more  difficult  in  America  than  in  Polynesia.    Those  who  undertake  it 
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will  eucouuter  iiotliing  (Htrrespotidiug  to  tlie  historic  songH  and  the 
geneologies  composiiig  the  oral  archives  and  traditions  so  religiouely 
preserved  in  all  the  islands  of  the  Pacific.  But  mo<lem  science  has 
resources,  the  power  of  which  we  are  better  and  better  coming  to  un- 
derstand, combiiiiiig  the  data  t^imished  by  the  study  of  geologic  BtraU 
and  their  fossils,  of  comparative  craniology,  of  lingaistics,  and  of 
ethnography.  We  may  hope  to  eiit«r  ui>od  this  group  of  problems  and 
to  foresee  their  solution.  Serious  cftbrts  have  already  been  made  in 
this  direction,  wiiich  have  not  been  unfruitful.  One  can  even  now  in- 
dicate upon  the  chart  a  considerable  inimber  of  itineraries,  even  though 
as  yet  only  partial  and  lot-al.  Tliey  are  scarcely  more  than  fragment 
ary  traces,  similar  to  those  which  the  predecessors  of  Hale  found  in 
Oceania.  Possibly  it  will  bo  a  longtime  thus;  nevertheless,  the  Amer- 
icanists should  not  lose  courage;  each  new  discovery,  of  however  small 
importance  it  may  at  first  appear,  is  some  progress  toward  the  general 
end.  Tear  aft<"r  year  these  fragmentary  traces,  now  so  isolated  and 
scattered,  will  be  consolidated  and  coordinated  with  each  other,  and 
then  will  come  a  day  when  a  map  of  American  migrations  can  be  oori- 
stmcted  showing  the  movement  of  early  man  from  Asia  to  Greenland, 
and  to  Cape  Horn,  similar  to  the  map  already  made  of  Polynesian  mi- 
gratiion  from  the  Indian  Archipleago  to  Kaster  Isiand,  and  from  Kt^v 
Zealand  to  the  Sandwich  Islands. 
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By  Thomas  Wilson,  LL.  D. 


The  modern  aigniflcation  of  primitive  industry  ia  the  art  work  of 
primitive  man,  and  as  such  i«  a  test  of  his  civilization.  As  we  know 
of  the  earliest  man  only  liy  his  industries,  it  ia  justifiable  nnder  this 
bead  to  consider  mau  in  the  bigbeat  antiquity.  The  origin  of  man 
and  his  first  known  appearance  upon  earth  havealwaya  been  interest- 
ing subjects  and  have  attracted  the  attention  of  all  men  throaghout 
all  time.  It  is  myaterious,  unknown  ;  it  awakens  curiosity;  it  excit45S 
that  portion  of  man's  nature  which  desires  to  trace  things  to  their 
origin,  and  to  find  a  rational  and  aatiafactory  explanation  of  the  cauae 
and  iDanoer  of  man's  appearing.  It  has  been  studied  iVom  varioua 
points;  by  biology,  by  palfeontology,  linguistics,  history, payeho-phys- 
ics,  and  by  archeology.  There  are  various  branches  of  scieoce  by 
which  the  history  of  man  can  be  studied,  bat  they  are  all  modern. 
The  ancients  knew  nothing  relating  to  the  antiquity  of  man. 

Until  the  times  of  Copernicus  and  O^allileo  it  was  believed  that  the 
earth  was  the  center  of  the  solar  system,  and  that  the  sun,  moou,  and 
stars  revolved  around  it.  Until  the  time  of  Michael  Angelo,  and  Ber- 
nard I'aUissy,  fosail  shells  found  in  the  earth  were  believed  to  be  tlic 
fragments  of  stars  fallen  from  the  heavens.  One  hundre<l  and  fifty  or 
two  hundred  years  ago  the  science  of  geology  <-ommen(^d  to  be  studies), 
and  the  formation  of  the  earth,  with  its  proper  place  in  the  solar 
Hystem,  began  to  be  understood.  At  tlie  beginning  of  the  nineteenth 
century  it  was  an  accepted  theory  that  miuiV  appearance  upou  earth 
dated  oidy  about  six  thousand  years  ago.  This  theory  was  acceptetl 
•■"r  want  of  any  better;  those  who  rejected  it  did  so  a  priori,  and  not 
hecauae  they  had  another  or  juster  theory  to  propose.  In  the  early 
I»rt  of  this  century,  the  (Joveniment  of  Denmark  organized  a  commis 
sion,  composed  of  a  geologist',  a  zoologist,  and  an  arebicologist,  charged 
witli  the  duty  of  investigating  that  country  on  the  lines  of  their 
fespective  sciences,  in  the  course  of  which  they  came  iijKin  the  art 
works  of  primitive  man.  They  pursued  their  investigations  for  nigh 
tliirty  years  before  the  first  publication  was  made,  which  resulted, 
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aft«r  many  diaputes  and  much  coosultatioD,  ia  the  establishment  of 
the  Pre-historic  Ages  of  Stone,  Bronze,  and  Iron.  This  comnus^u 
found  various  mouumeute  and  implements,  evidently  of  hmnau  origin 
and  manafactui-e,  which  being  unlike  aoj-thing  belonging  to  the  his- 
toric man  of  that  aiuntry,  were  decided  to  be  the  evidence  of  an  earlier 
and  pre-historic  man.  The  most  important  of  these  were  the  Dolmen. 
which  was  his  tomb,  and  the  stone  hatchets.  These  discoveries  were 
pahlished  in  J836  by  Thomson,  archicologist,  and  founder  of  the  Pre- 
historic Museum  nt  Copenhagen,  of  which  lie  continued  curator  for 
fifty  years.  They  were  recognized  throughout  western  Europe,  and 
they  accounted  for  similar  monnmenlxund  inipleiucnts  which  theretofore 
liad  been  unexplained,  or  if  8o»  were  attributed  to  supernatural  mean'<: 
tlie  hatchets  e8pe(;iaUy  being  believed  to  have  descended  from  heaven 
in  a  bolt  of  lightning  or  clap  of  thunder,  and  they  were  called  by  thoA** 
names  re8i)e<'tively,  ■'  Lightning  Stone"  or  "Thnnder  Stone,"  and  were 
guarded  as  amuletn  for  the  protection  of  property  agaiust  fire.  This 
was  the  tirHt  step  in  the  discovery  of  primitive  industry. 

In  I&IO  Darwin  published  to  the  world  his  theory  on  the  Ori^n  and 
Evolution  of  Species,  and  thus  he  sought  to  establish  and  explain  the 
antiquity  of  man.  ()onteni[)oraneous  with  this  was  the  discovery  of 
PalieoUthic  implements  by  .M.  Voucher  de  Perthes  in  northern  France. 
The  place  of  their  origimit  and  first  discovery  \?aH  St.  Acheul  on  tbe 
river  Somme,  but  afterward  they  were  found  in  other  places, — ObeUes, 
on  the  river  Marne.  near  Paris,  being  one  of  the  principal.  The  latter 
station  gave  itri  name  to  the  implements,  and  they  have  since  been 
called  Ghellean.  So  far  as  can  now  be  asserted  with  confidence,  tbeat 
implements  arc  the  earliest  made  or  usetl  by  man.  Tliey  may  have 
served  as  axes,  hiit4-hcts,  or  knives,  spear-heads  or  what-not.  They 
appear  to  have  been  a  tool  for  every  use,  just  as  a  sailor  would  use  his 
jackknife  if  he  had  no  other  tool  or  weapon.  They  have  been  called  in 
England  "drift  implements"  because  they  were  found  in  the  river  dritts 
or  deposits.  Their  positiouH  when  thus  found  indicated  for  them  an 
antiquity  equal  almost  to  the  river  valleys  themselves,  and  as  belong- 
ing to  that  geologic  period  called  by  the  French  geologists  "  Quarter- 
nary,"  by  the  English  "  Pleistocene,"  and  by  American  "  Post^pliocene." 

There  was  a  geohtgic  period  when  tbe  waters  of  the  earth  were  eo- 
gaged  in  carving  out  the  river  valleys,  eroding  and  cutting  them  ont 
between  the  blufi's  on  either  side.     In  that  time  tbe  rivers  filled  tbe 
valleys  from  the  hills,  pouring  down  their  waters  with  a  mah  and  carry- 
ing the  greatest  quantity  of  wab-r  to  the  sea.     As  time  progressed  the 
waters  subsided  more  or  less  and  the  current  became  slower  and  less 
powerful.    At  the  close  of  the  Pliocene  and  at  the  beginaiog  of  the 
Quartemary  iwriod,  the  sand  and  gravel  which  had  before  been  carried 
0^****»".  began  to  be  de|iosited  hero  in  this  bend  and  on  that  point 
'posit  came  to  the  surface  of  the  water  and  formed  what  i« 
best  terrace.    Thus  the  river  was  narrowed  and  the  tense* 
jw  river  bank.    This  process  was  repeated  again  and  again 
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tmtil  the  river  finally  recMcd  to  its  preseiit  bed,  leaving  uometimeH 
three  terraces,  each  odo  higher,  deeiier,  anil  more  distant  from  the  river 
than  the  other.  These  terraces  may  not  exist  on  the  rapid  moaut^n 
streams  of  the  Atlantic  slope,  but  they  are  plainly  to  be  seen  upon  the 
lunger  rivers  of  the  western  slope  of  the  Alleghenies.  They  are  plainly 
manifest  in  the  Mississippi  river  and  its  tributaries.  One  vho  has  had 
the  opportnoity  for  inspection  of  these  gravelly  terraces,  can  see  at 
once  how  the  material  was  brought  down  by  the  water  and  here  de- 
poaited.  It  is  dependent  upon  amount  and  velocity  of  the  water  and 
the  size  of  the  pebble  whether  the  deposit  is  of  the  finer  debris  or  made 
op  of  pebbles  only.  Its  layers  or  strata  are  plainly  marked,  and 
the  volnme  and  rapidity  of  the  current  can  easily  be  surmised  if  not 
actually  calculated.  lu  France  and  England  bones  of  animals  belong- 
ing to  that  period,  animals  CKtinet  in  modem  times,  the  mammoth, 
even  its  ancestor  elephas  antiquus,  the  rhinoc-eros  merkii,  the  hippopot- 
amna,  the  cave  bear,  the  saber-toothed  tiger,  hud  been  caught  in  the 
whirls  of  water,  carried  down  and  de])0!4ited  with  the  pebbles.  In 
these  gravels,  and  associated  with  these  animals,  have  been  found 
these  chipped  stone  implement«  called  chelleaii.  If  these  implements 
had  been  found  as  isolated  specimens,  only  a  few  in  number,  they 
wonld  not  be  nearly  so  conviucing  as  when  found  as  they  have 
been  in  almost  every  river  valley  of  Western  Eurojie  by  the  thou- 
sands if  not  the  tens  of  thonsands.  They  are  there  usually  of  flint, 
probably  because  flint  was  the  material  easiest  procured  and  best 
suited  to  the  purpose.  In  localities  where  flint  was  not  iudigenous, 
qaartzite  has  been  used,  and  there  are  in  the  U.  S,  National  Museum 
specimens  of  this  material  from  England,  Prance,  and  Asia.  They 
were  made  altogether  by  chipping,  that  is,  by  being  struck  with  the 
hammer;  it  may  have  been  atiotlier  ]>ebble;  and  so  flakes  knocked  oft', 
first  from  one  side  and  then  from  the  other,  until  the  implement  was 
reduced  to  an  irregular  but  sharp  edge  and  point.  They  are  made 
sometimes  of  a  bowlder,  whether  of  dint  or  of  quartzite,  and  the  crust 
of  the  original  i>ebble  is  shown  and  part  left  for  the  grip.  They  are  of 
a  size  to  be  held  in  the  hand  and  used  as  tools  or  weapons.  There  it 
110  evidence  that  they  were  ever  liafted,  but  on  the  contrary,  their 
form  is  such  as  to  render  them  most  difficult  for  satisfactory  handling. 
All  envelope  of  hide,  grass,  leaves,  moss,  or  something  similar  probably 
served  to  protect  the  hand.  They  have  two  or  three  peculiarities,  which 
it  is  proper  to  notice,  other  than  being  chipped  and  having  a  grip. 
Tbey  are  always  of  appropriate  size  for  usej  they  are  thicker  in  pro- 
portion to  their  width  than  any  other  stone-catting  implement;  they 
are  usually  almond-shaped,  and  their  cutting-edge  is  at  the  point. 
The  conclusion  that  the  implements  were  of  human  manufacture,  and 
are  evidence  of  the  antiquity  of  mau,  was  not  admitted  nntil  after  much 
dtscusBiou  and  investigation.  The  first  of  them  was  foaud  in  1836. 
M.  Boucher  de  Perthes  soon  after  published  his  belief  that  tbey  were 
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-v:liMu.t^  .•!  Ttnu  '»  <mlM  -  A:ict!iittinTuui  Mail."  It  was  dispated, 
".rat,  rout '  aw  thw  imh  •  -i  '.uiasau  iiiikaii£ietare.  M.  Matitel,  aii  Euglisli 
j^vMhinn'>i  MMBv'-*fivoritT.'>Dc«*cmd;m  extended  paj>er  before  one  of  the 
^MMiuuc  --wueiteti-'x'  luouuB  a>  -jrov9  titKj  were  not.  Thefoct  of  their  ! 
<u>vuvt;r,v  »ua>UNt>ucetL:ta»i<>eaQoah;Mi  to  be  identified  aud  established;  ; 
.lud  '  'taouwiiimu  :VtU  -airTeraye*»oc  mwe).  that  the  conclusion  as  I 
luM'vMua  ^ao  .ict-^ixeti.  mvL  ~lteu  »alv-  ;Uter  the  invesligatioo  ofa  joint 
>'tMMuiatv«'  -'1  r^ttt^n  <n»uuut^'i[  ^■lenastth.  h;klf  from  England,  half  from 
KriMii'v,  ^lUi-o  in^  •!!  [le  ^mwiMl  .ud  were  fortnnate  enoagb  to  find 
^uiuv  Hx^'iuv^'^ -'•-"■"-  ->iut.-«  ritenthebeli^iathegenDinenessof  tbeir 
>'i  KKHM.I'  .1.-  ii;.ii  .luiMiuity  H  aian  has  been  aeeepted  by  all  men.  Ii 
>«!»  ^uuu  utw  iiv  'ii:!vi»Mvn<f-  M  >L  Boavher  de  Perthes  and  those  of 
^L  '  .lUfi.  "I  iiv  ikvt^  <>i  swuchem  France,  that  Sir  John  Lubbock, 
-loiiiij;. '  XV  •.Jlftviii.t'  Vtweeu  this  industry  and  that  of  the  dohnen>i 
ia<i  i-ui^'^cu  -Loiu  laii'hetN  o(  Denmark  and  other  coantries,  and  that 
'  iK->  .ttt  Vioit^ni  ;■>  :iM)  Stune  age,  took  apon  himself  the  division  of 
iKt<.  .ij;t>  .uiu  ;n-riiHis.  of  which  he  named  the  former  Palieolitbic,  thai 
s. '  <it'  o^(i>  tx-'xod.  Mid  the  other  the  Neolithic,  or  the  later  period  of 
'liv  sti>ii«  a^e.  'I'hiLs  it  will  be  perceived  that  the  existence  of  u 
1'itt.i'oliiliic  (wiiod,  llie  evidence  of  the  occapation  of  that  country  by 
111,411  lit  i\  {H'tiud  of  time  earlier  than  theNeolithic,  was  as  mnch  opposed, 
.tad  i\>v(uu\'d  ltd  loitg  a  time  to  secure  a  favorable  settlement  as  has 
I  ho  tlir^-uvvrit'K  of  l)T.  Abbot  of  similar  implements  in  the  Trenton 
a  KIN  L'tit.  b'ruiu  franco  and  England  the  new  evidence  concerning  the 
.tan<iiul.v  of  tuau  spread  to  other  countries,  and  it  was  found  that 
s[ikiilui  uuplf  uK'iits  exjfite^l  iu  nearly  every  country  in  the  world.  They 
li,t\  i>  U't'u  I'ouitd  iu  Spain  and  Portugal.  Mr.  H.  C.  Mercer,  a  gentleman 
lumt  I'UilMtotptiia,  while  at  Matlrid  dnring  the  last  exposition  in  1892, 
MM  lilt  I'liv  of  the  ^ravt't  b^s  of  the  neighborhood,  San  Isadore,  where 
I  lit-.^i>  iiii|iU<iiit>iit.H  wei'e  said  to  have  been  fonnd,  and  be  discovered  one 
III  i>hwt'  Hhii-U  ho  dH.'lares  impossible  to  have  been  other  than  an 
i>M;{hial  do|NKUt.  Kt>  sei'iired  all  evidence  by  photographs,  plaster 
1 ,1  i|.i,  I'll'.  Mo  also  of  Italy.  They  have  been  fonnd  in  various  locali- 
la- 1  Hill  '411'  U>  1h'  se«u  in  the  museums  of  different  cities.     Prof.  H.  W. 

X     ■  '■•iNioD,  found  the  same  kind  of  implement  on  the  left  bank 

t  IU  the  alluvial  deposit,  bnt  in  an  eroded  gully  or  water- 
iKiiial  gravelly  dejKtsits.  Christian  missionaries  to  the 
k  I'  IouikI  imd  iviHTted  similar  implements,  and  they  are  de- 
iau!«i,<unt  at  Pari.-;.  Two  great  stations  in  Jlindostan  were 
t>iit<  iiettr  Mailras,  in  southeastern  llindostan,  and  tbe 
'it'tuUlit.  on  the  northwest  coast.  In  many  of  tliese 
ittdtineut.t  were  dejioi^ited  deep  in  the  gravel  together 
iut  t>f  tAliui't  animals,  m-^ompanii'd  only  by  their  need 
■K  k>Ut|M,  hauiniei-s.  flakes,  etc.;  and  except  certain  im- 
hiMait'i,  M'l-atM'v,  and  leafshaped  blade,  which,  (nim 
lK'lix>Ut<<)   t*'  '>*'''>  Periods,  nothing   wivs  found   wbii^ 
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biul  any  relation  with  the  Neolithic  or  polt»he<l  Htuiie  i>oriutl.  So 
it  has  come  to  pass  that  throughout  the  world,  whatever  differeuces 
tlient  may  have  been  between  the  scientists  as  to  the  antiquity  of  man, 
or  the  locality  of  his  original  appearance,  manner  of  his  civilization,  use 
of  implements  (and  these  differences  have  been  almost  infinite),  nearly 
all  of  them  have  agreed  upon  the  existence  of  this  Palieolithic  period, 
and  that  it  was  anterior  to  the  Neolithic  period.  It  is  not  therefore 
for  ue  to  f!ontinue  in  this  country  a  discussion  of  matters  which  belong 
In  other  conntries,  and  which  have  been  fully  investigated  for  years  by 
the  scientists  of  those  countries  and  been  a<:cepted  as  settled.  If  the 
evidence  as  to  Faheolithic  man  in  Amerioi  he  developed,  arguments 
made  and  investigations  required,  it  will  he  nothing  more  than  what 
vas  required  in  Prance  and  England  at  the  time  of  the  original  discov- 
ery ;  bnt  I  am  not  without  the  belief  that  it  will  be  finally  acknowledged 
to  be  tme  in  our  country,  as  it  had  been  in  other  countries,  A  series 
nf  pertinent  questions  may  have  alreariy  suggested  themselves:  What 
ti^  the  Palffiolithic  agef  What  are  itis  cliaracteristicsf  By  what  test  is 
it  to  be  known!  Before  the  name  Palteolithic  was  given  to  it,  indeed 
many  times  since,  it  was  called  the  age  of  chipped  stone.  It  must  not 
however  be  considered  that  every  stone  implement  belongs  to  the  Stone 
age  because  it  was  chipped.  Our  own  North  American  Indian,  during 
aU  the  time  he  has  been  known,  even  into  the  present  century,  has  made 
—indeed  prehistoric  man  has  always  made — his  stone  arrow  and  spear- 
lieads  by  chipping.  The  t«rm  Palseolithic  age,  synonymous  with  chipped 
stone  age  (to  be  translated  as  the  early  Stooe  age),  is  to  be  regarded  as 
ileacriptiveof  a  certain  state  of  human  culture^ — a  stage  of  human  civili- 
ution  belonging  to  the  antiquity  of  man,  and  as  its  name  indicates,  one 
of  the  earliest,  if  not  entirely  the  earliest,  civilization  known.  Some  pre- 
iiistoric  anthropologists  believe  there  have  been  earlier  civilizations,  but 
tbiscoDclusioD  is  disputed,  and  has  not  been  generally  accepted  by  scieu- 
lific  investigators.  In  this  early  state  of  culture  primitive  man  em- 
ployed stone  as  the  material  for  all  his  cutting  implements.  He  was  nn- 
wqnainted  with  the  processes  of  pecking  or  grinding,  and  so,  to  reduce 
tbese  stones  to  a  shari>  edge  or  point,  he  had  recourse  to  chipping.  This 
he  accomplished  by  pereussion  with  a  hammer  or  punch,  or  a  pusher  of 
some  kind,  or  possibly  all  three.  With  these  he  could  knock  oS  the 
large  chips  and  flakes,  and  could  pnsh  and  press  off  the  smaller  ones. 
Ii>  this  way  he  reduced  his  Implement  to  a  cutting  edge  or  point.  The 
first  epoch  or  period  of  man's  civilization  was  chara<rteri)'.Gd  by  these 
implements.  This  epoch  was  called  by  M.  de  Mortillot  the  chellean 
epoch,  but  by  M.  Beinach  and  others,  the  alluvial  i>eriod,  because  the 
implements  were  found  in  the  alluvial  depositsof  the  river  valleys ;  while 
others  called  the  age  of  the  mammoth. 

Ah  time  progressed  man  made  certain  improvemeutH  or  inventions 
and  attained  a  higher  culture.  These  epochs  have  been  diflerently  di- 
vided and  diS'erently  named;  by  some  they  have  been  called  the  cav- 


526  PKIMITIVE    INDUSTRY. 

em  period ;  by  others  the  reiudeer  period ;  aod  M.  de  Mortillet  made 
finer  diBtiuctions  to  which  he  gave  the  names  of  localities  in  which  th« 
implements  occur:  Solatre,  Monstier,  and  Madaleine.  These  were  cav- 
erns or  rocli  shelters,  and  they  all  represent  the  cavern  jieriod,  with  the 
mammoth  and  the  reindeer  the  most  abundant,  as  the  represent- 
ative animals.  The  flint  implements  of  these  e^iocbs  were  changed  in 
somedegree, — the  points  become  smaller,  scrapers  appeared ;  bone,  horn, 
ivory  was  used;  harpoons  and  ilab-spears  are  found  along  the  river 
banks,  and  there  have  been  already  discovered  about  100  6pe<;iinen8  of 
engraved  animal  bones,  some  of  which  are  only  ornaments  while  others 
are  decorated  implements,  daggers,  poignards,  etc.  It  is  coming  to  be 
somewhat  fashionable  in  the  TToited  States  to  deny  the  antiienticity  of 
these  works  of  Palaeolithic  art;  to  denounce  them  as  frauds,  declar- 
ing them  to  be  too  fine  to  have  been  the  work  of  a  savage.  It  is  not 
my  purpose  on  this  occasion  to  enter  into  any  defense  thereof.  When 
ever  these  charges  shall  take  proper  form  and  appear  over  responsible 
signatures  in  the  scientific  publications  of  this  country,  and  be  trans- 
mitted to  France  and  England,  their  people,  who  are  most  interested 
and  best  acquainted  with  these  objectK,  will  be  abudnantly  able  to  make 
response  thereto.  T'ntil  that  time,  they  will  as  I  di)— ignore  all  insinaa- 
tions. 

It  has  been  announced  that  new  discoveries  made  by  wnie  of  our 
local  archeeologists,  whose  names  weie  mentioned,  had  aboat  demol- 
ished the  Palieolithic  age  in  Euro]ie  as  well  as  in  America.  I  dissent 
from  this  opinion,  but  it  is  not  to  be  discussed  here.  When  the  prop- 
osition shitll  have  been  published,  so  that  we  may  know  exactly  what  is 
charged  and  what  is  to  he  combatted,  then  ft  can  he  turned  over  to  the 
European  pre-historic  experts  for  them  to  defend  their  proposition,  and 
no  one  will  doubt  their  ability  to  do  so.  The  seeker  after  knowledge 
may  properly  ask,  how  it  can  be  known  that  these  difl^rent  stages  of 
cnltnre  succeeded  one  another  in  the  order  named,  and  why  they  should 
be  classeil  with  the  I'ahvolithic  age.  I  c^n  only  upon  tliis  occasioD 
state  the  fWts  which  appeared  satisfactory  to  the  various  investigators, 
without  attempting  to  argue  or  prove  tlicm.  In  the  allnvial  period,  thf 
chellean  epoch,  these  itnplement^  have  been  found  in  various  parts  of 
Europe  by  the  ten  thousand,  and  always  without  the  slightest  trace  of 
the  association  with  implements)  of  i)<>Iishe<l  stone.  A  single  locality, 
it  is  agreed,  would  he  little  or  no  value,  but  when  it  comes  to  he  n- 
l>eated  by  the  scoi-e  of  times  in  localities  widely  separated,  belonging 
even  to  different  countries,  with  never  au  exception,  if  has  been  ad- 
mitteil  as  satisfactory  evidence  that  there  was  a  Paleolithic  age  inde- 
pendent ft-om  the  Neolithic.  That  it  was  earlier  than  the  Neolithic 
seems  to  he  established.  The  (wsition  in  which  the  implements  harr 
been  found,  indicating  their  great  age;  the  conditions  under  wliich 
they  have  been  found,  deep  in  the  undisturbed  gravels  of  the  river 
valleys,  and  associated  with  the  bones  of  extinct  animals,  which,  in  the 
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ipiiiiou  of  tbe  iuvvstigating  geologists,  proves  that  thuy  belonged  to 

I  prior  geologic  period,  the  Quaternary,  or  Post-pliocene. 

The  progressive  steps  of  cnlture  and  invention  mentioned  an  belong. 
■ns  to  the  cavern  period  seem  to  have  been  satisfactorily  established 
'ly  investigation  made  in  the  caverns  themselves,  where  in  numerous 
mstances  the  gradual  flUing  ap  of  the  cavern  has  preserved  the  earlier 
itrcapation  at  the  bottom,  while  the  subsequent  occupations  have  taken 
'lieir  respective  places,  each  one  above  the  other  in  their  orders  of 
lime.  For  example,  at  Ki;ut*s  Cavern,  near  Torquay,  England,  the  cav- 
'  ru8  investigated  with  all  possible  care  during  a  period  of  twelve  or 
liirteen  years,  iu  which  as  many  thoosand  tlollars  were  expended, 
loder  the  direction  of  a  committee  appointed  by  the  British  Associa- 
iun,  where  the  strata  of  these  early  occupations  were  covered  by  layers 
I'  stalagmite  spread  over  what  was  then  the  entire  surface,  separating 
nd  sealing  it  hermetically  from  subsequent  occupation.  Under  it,  in 
arions  parts  of, the  cavern,  were  found  these  saine  chipped  Hint  imple- 
lents,  which  have  been  deuomiuated  chelleau,  and  beyond  the  chips 
nd  flakes  possibly  the  hammers  incident  necessary  for  their  fabrication, 
<o  other  trace  of  huniau  industry  was  found.  In  the  Grotte  de  Placard, 

II  southwestern  France,  the  same  superposition  was  found,  which  gave 
-atiefactory  evidence  of  this  succession  of  human  occ^npation  and  of  the 
iccompanying  changes  and  improvements  of  human  culture.  Tbe  strata 
untaiuing  KeoUthic  and  Paheolithic  objects  are  distinctly  marked  and 

.ire  separa  tetl  by  a  stratum  entirely  sterile  so  far  as  concerns  archieology, 
made  up  chietiy  of  broken  stones  from  the  roof  of  the  cavern,  several 
laches  in  thickness.  The  cavern  of  Laugerie  Haute  gives  the  same 
'vidence  and  is  even  more  positive,  for  the  sterile  stratum  is  about  4  feet 
finches  in  thickness.  In  the  (irotte  de  la  Vache  the  stalagmitic  stratum 
between  the  Pala^lithie  and  Xeolithic  industries  is  about  IH  inches 
thick.  The  latest  indications  we  have,  occurred  iu  the  summer  of  1892, 
vhenH.  Boule  was  called  from  Paris  to  visit  the  pre-historic  station 
cavern  of  Schweizcrsbild,  neai'  ScliafinianBeu,iu  the  immediate  neighbor- 
hood of  the  cavern  of  Tliayiiigen.Thiiringen,  which  guve  the  celebrated 
drawing,  engraved  on  bone,  of  tlie  reindeer  browsing.  AI.  Boule  has 
jost  published  a  report  of  his  investigationK  in  the  NotiveUes  Archiveti 
i}a  Mimiioiu,  tome  III,  and  he  shows  (pi.  3),  the  drawing  which  be  has 
loade  of  the  debris  left  on  the  side  of  the  caveni  showing  the  supeiposetl 
»nd  couseijuently  successivp  occupations  and  corresptmding  improve- 
ments in  human  invention  and  human  culture. 

The  differences  between  the  Palipolithic  and  the  Neohthic  ages  in 
Kurope,  the  only  place  where  it  has  l»eeM  studied,  are  utarke^l  by  dif- 
fereuces  in  climate,  geography,  fauna,  domesticity  of  nnimals,  sociology 
aud  other  things  b*'side  indnstry.  Prof  Boyd  Dawkin^,  '■  Karly  Man 
iu  Britain,"  page  26ii.  sayw  : 

"The  great  changes  in  the  fauna  and  geography  of  Great  iJritain, 
at  tlip  close  of  the  Pleistocene  age.  rendered  it  very  improbable  that 
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tlie  ciive  iiKiii  were  iu  miy  way  repieacnted  by  tbo  Neolitbk-  tdbeit  who 
are  tli«  first  to  appeal'  in  prehistoric  Europe.  The  former  jHMWMSt^ 
no  domestic  animals,  just  as  the  iatter  are  not  known  to  have  been 
acquainted  with  any  of  the  extinct  species,  with  the  exception  of  the 
Irish  Elk.  The  former  lived  as  hunters,  unaided  by  the  dog,  in  Britain, 
while  it  was  part  of  the  continent;  the  latter  appear  as  ^rmers  and 
herdsmen  after  it  became  an  island.  Their  states  of  culture  were 
wholly  different.  We  might  expect  on  A  priori  grounds  that  then' 
would  be  an  overlap,  and  that  the  former  would  have  been  absorbed 
into  the  mass  of  the  new-comers;  There  is  however  no  evidence  of 
this,    -    -    - 

Prom  the  facts  at  present  before  us,  we  may  conclude  that  they  be- 
long to  two  races  of  men,  living  in  Europe  in  successive  tiroes,  and 
sejiarated  from  each  other  by  an  interval  sufHcieotly  great  to  allow  d' 
the  above-mentioned  changes  taking  place  in  the  physical  conditioDS 
of  Britain."    -     •     - 

Sir  John  Evans,  in  "Ancient  Stone  Implements  of  Great  Britaiu," 
page  €1S,  says: 

"There  appears  in  Britain  to  have  been  a  complete  gap  between  the 
river  drift  and  aurface-stoue  periods  (that  is  to  say,  the  PalieoliChic  aod 
Neolithic  periods);  so  far  as  any  intermediate  forms  of  implements  are 
concerned;  and  here  at  least,  the  ra<;e  of  men  who  fabricated  the  latest 
of  the  Palaeolithic  implements  may  liave,  and  in  all  probability  had, 
disHppeaced  at  an  epoch  remote  from  that  when  the  country  was  again 
occupied  by  those  who  not  only  chi])ped  out  but  polished  their  flint 
tools,  and  who  were  moreover  associated  with  a  mammalian  fauna  ta 
nearer  resembling  that  of  the  present  day  than  that  of  the  Quateuary 
times," 

M.  Gabriel  de  Mortillet,  in  "Le  Prehistorique,"  page  479,  discussing 
the  difference  between  the  FalieoUthic  and  Neolithic  periods,  says  the 
former  belonged  to  the  Quaternary  geologic  period  while  the  latter 
belongs  to  the  present  or  actual  periods.  "Between  these  two  epochs 
there  are  differeneeij  everywhere;  there  exists  a  veritable  reToludon." 
And  he  puts  these  differences,  one  against  the  other,  iu  the  form  of  a 
table. 

In  the  later  epoch  of  the  Paleolithic  period  the  climate  was  cold  aiid 
dry  with  extreme  temperatures;  while  in  the  Neolithic  i>eriod  the  cli- 
mate was  temperate  and  uniform. 

In  the  Palieolithic  period  were  living  many  great  fossil  animals  lik*! 
the  cave  bear,  the  giant  beaver,  and,  most  plentiful  of  all,  the  mam- 
moth; in  the  Neolithic  period  all  these  were  extinct.  Out  of  48  well- 
ascertained  species  living  in  the  Palieolithic  period  in  France,  and 
England,  only  31  were  continued  in  the  Neolithic perioil. 

Of  the  animals  living  in  the  center  of  Europe  on  the  plains,  and  tm 
sociated  with  man  in  the  I'alieolithic  period,  no  less  than  18  were  cold- 
loving.  Ill  the  Neolithic  period,  13  of  them,  such  aa  the  reindeer, 
antelope,  musk  ox,  blue  fox  and  white  bear,  emigrated  to  cold  countn«» 
by  latitude;  while  live,  the  chamois,  marmot,  wild  goat,  and  other" 
have  emigrated  to  cold  countries  by  altitude,  going  up  the  mountaiua. 
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In  the  Palieolithiu  period  there  were  no  damestic  animals,  lu  the 
Seolithic  period  they  were  abandaot. 

In  the  Palffiolitbic  period,  the  popalatiou  was  uomwlic;  they  were 
hunters  and  flnhera,  but  not  agritmlturititH.  In  the  Neolithic  period 
the  population  was  oedentary,  aad  agrivultum  was  well  developed. 

In  the  Palieolithic  period  there  was  practii-ally  no  i)ott«ry  in  France 
and  England ;  in  Belgiunk  there  have  been  two  localities  where  pottery 
has  been  found. 

In  the  Palfeolithic  period  there  were  no  moiiumenta  of  burials,  and 
apparently  no  respect  for  the  dead.  In  the  Neolithic  period  there  were 
many  and  great  monaments,  dolmens,  and  menhirs  of  great  size,  with 
elaborate  burials. 

There  is  in  the  Palieolithic  i>eriod  nothing  to  show  that  man  bad  any 
idea  of  religion  or  a  future  state;  in  the  Neolithic  [>eriod  these  senti- 
ments and  ideas  were  well  deve)oi>ed. 

In  the  Palieolithic  perioil  man  hivs  an  artistic  sentiment;  in  the  Neo- 
lithic period  he  apparently  bad  none. 

So  it  appears  that  the  revoUiti^n  and  contrast  between  the  two  peri- 
ods is  at  once  physical  and  industrial,  natural  and  soci'al.  The  changes 
in  climat«  suggest  changes  of  equal  importance  in  orography-  and  geo- 
graphy which  must  have  been  acfompitnied  by  profound  geologic  modi- 
Acation.  All  these  changes  in  man's  civilization,  bis  surroundings  and 
eiivironmeDbt,  took  place  between  the  Palieolithiu  and  the  Neolithic 
periods,  and  this  in  addition  to  the  marked  change  in  his  industry  from 
chipped  to  iwlished  stone.  Thus  it  will  be  seen  that  the  latter  difier- 
ence  is  but  flight,  and  only  one  out  of  a  dozen,  which  equalled  if  it  did 
not  exceed  it  in  importance  and  effect. 

Sir  John  Evans,  in  "  Ancient  Stone  Implements  of  Great  Britain," 
page  618.  says : 

"The  antiquity  then  that  must  be  assigned  to  the  implements  in  the 
hi};he8t  beds  of  river  drift  may  be  represented  (1)  by  the  period  re(|ui8- 
ite  for  the  excavation  of  the  valleys  to  their  present  depth;  plus  (2) 
the  period  necessary  for  the  dying  out  and  immigration  of  a  large  part 
"f  the  qnartemary  or  post-glacial  faunoj  and  the  coming  on  of  the  pre- 
histo^i<^;  plus  (3)  the  polished  stone  penod;  plus  (4)  the  bronze,  iron, 
and  historic  periods,  which  three  latter  in  this  country  occupy  a  spiive 
of  probably  not  less  than  three  thousand  ye^rs.  A  single  equation  in- 
volving so  many  unknown  quantities  in,  as  alreiuly  observed,  not  sus- 
ceptible of  solution." 

I  resume  the  dis«'U»sion  of  the  existeme  of  the  Palieolithic  age  in 
thetJoited  t^tates.  There  have  t>ecn  found  in  the  Trenton  gravels, 
iinmbers  of  nidely  chipi>ed  implements  of  argillite  which  have  been 
called  Palieolithic.  They  were  originally  discovered  by  Dr.  Abbott, 
who  resided  at  Trenton  andwhobasbecn  interested  in  |irc-historicarch- 
itology,  and  was  employed  by  the  Peabody  Museum,  and  who  for  many 
years  has  been  devoted  to  the  pursuit  of  evidence  of  early  man  in  the 
Delaware  Valley.  He  is  now  curator  of  the  museum  of  arcliwology  in 
H.  Mis.  U4 H 
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the  University  (»f  Pennsylvania.  ]->r.  Abbott,  like  M.  Boucher  de  Vtx- 
then,  was  subje^tted  to  inucli  iiiTestigation  and  had  to  »taud  under  the 
light  of  tierce  witidsm  from  the  oi>i>onents  of  his  theory.  Dr.  Abbott's 
chariicter  or  ability  as  an  arvhaiologist,  a  naturalist,  or  an  observer,  is 
not  at  issue  at  the  present  moment.  No  person  can  now  deny  the  fact 
that  he  believes  that  he  has  found  a  number  of  these  implements  deeply 
inbedded  in  the  original  (Travel  deposit  of  the  Delaware  River  at  Tren 
ton ;  the  implements  found  at  Trenton  and  otherwheres  in  the  United 
Stat«H  have  the  same  general  appearance  of  those  heretofore  shown 
from  other  ^larts  of  the  world.  In  addition  to  my  own  testimony  od 
this  subject.  I  may  add  the  testimony  of  M.  Boule,  a  noted  French  ge- 
ologist and  student  of  prehistoric  man,  on  the  same  subject,  which  has 
appeare<l  in  the  last  number  of  Aiithropolugie,  vol.  iw,  pp.36, 37: 

'^During  my  voyage  in  the  I'nited  States  in  1891,  on  the  occasion  ur 
the  International  Congress  of  Geology,  at  Washington,  I  was  able  to 
see  some  of  the  chipped  stones  of  Trenton,  in  the  collection  of  i»e 
li)st4>ric  archaeology  at  the  Smithsonian  Institution,  and  in  the  Pealrady 
Museum.  I  could  there  study  at  leisure  the  collet^tions  of  Dr.  Abbott, 
'■"hat  which  stnick  me  most  forcibly  was  the  similitude,  I  may  say 
almost  identity,  ~<>f  the  form  of  the  American  instnuuents  witii  the 
Eui'opean  pal^polithic  implement.  At  Trenton,  as  at  Amiens,  Paris, 
in  the  collections  of  Dr.  Abbott  as  of  those  of  M.  d'Acy,  tliere  is,  along 
with  a  certain  number  of  chijis  and  unformed  i>ieces,  also  a  number  of 
Hnished  pieces  showing  careful  work,  and  which  could  not  be  <  rejects' 
of  fabrication.  The  moi^t  caretiil  and  most  cum^tent  archteologist  of 
our  country  will  be  unable  to  distinguish  otherwise  than  by  the  nature 
of  the  material  the  differeuce  between  the  instnuuents  of  Trenton 
(as  well  as  of  other  parts  of  tlie  United  States)  from  the  prehistoric- 
implements  of  Kurope.  There  is,  in  this  tact,  an  argument  in  favorot' 
the  antiquity  of  these  siicfiniens  which  will  impress  piishistoric  arch- 
leohigists  of  e\p«n-iencc.'' 

The  fact  that  other  geutlemeit  entitled  t4)e<iualcre<lit  for  lu^uracyas 
obsei'vers  hav<'  sought  at  Trenton  for  these  iinpleiaents  in  1893  and 
tailed  to  liud  any,  is  no  evidciu'c  that  Dr.  Abbott  may  nut  have  found 
them  there  from  ISTt!  tf)  I89H,  The  gravel  at  Trenton  spends  over  and 
nils  up  a  saurer-like  deiu-ession  ulHutt  three  miles  in  diameter,  and  from 
:io  to  42  fpi't  in  depth  in  the  i-eriter.  That  these  gentlemen  shouldhavi' 
sought  with  all  ciire  antl  closeness  these  gi-avt'ls  in  the  great  sewer 
which  1ms  been  lately  laid  through  the  city  (»f  Trenton  near  the  river, 
and  have  found  muu-  of  theM'  implements,  is  no  evidence  that  Dr.  Ab- 
bott may  not  have  Ibuud  them  amoti;;  the  lu-ivs  of  gravels  10  t4>3nor 
miin-  feet  in  thickness  that  Inn  e  Iwu  dug  out  a  mile  away  from  the 
atoi-e«aid  sewer  by  the  Pennsylvania  Itaiinwd.  during  a  [wriod  of  teu 
or  tifteen  years  |iast,  to  4)btaiii  gravel  for  its  i-oa<l  ballast. 

lllnstrntive  of  my  |>roiH>siti<ui.  I  may  cit*-  the  depot  of  Chelles.  near 

Paris,  where  thonsands  of  these  implements  have  l)een  found.     !t  is  an 

iuinienae  gnivel  bank,  nun-h  the  same  as  al  Ti-entou,  'M  or  .'10  feet  Mek. 

extending  over  an  an>a  of  a  hnndnil  lu-  moi-e  acres  in  the  valley  of  tlio 

■ne.     It  is  hH-ated  on  a  i-ailroiul,  and  wa.'<  uswl  as  was  th? 
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gTitvel  ut  Treiitou,  having  beeu  dug  out  aud  truns[>ort«d  an  railroad  bal- 
last. I  viKitedthtsHtationou  the  excarsion  of  thelDternatioiial  I>re-hi3- 
tone  Congress  ut  Paris  in  18S9,  and  there  listened  to  an  acrimonious 
discussion  as  to  the  l>reciNe  locality  in  -which  the  re8i>ective  kinds  of 
implement  Iiail  been  found,  as  for  example  what  kinds  were  found  at 
the  top,  and  wfaitt  kind  at  the  bottom  of  the  deposit;  and  it  was  there 
made  iipporeut  notwithstanding  that  the  ten  thoasaDd  iaplMnents 
obtained  from  that  depot,  the  principal  disputants,  the  lenders  of 
opposing  schools,  those  who  had  devoted  their  utmost  time,  care,  aud 
attention,  to  the  investigation  of  these  implements  aud  the  theory  of 
antiquity  aud  civilization  to  be  bused  thereon,  none  of  them  had  ever 
found  these  implements  in  place.  M.  Boule,  himself  a  noted  geologist, 
a  close  observer,  aud  an  ardent  investigator,  interest«d  in  this  branch 
of  stndy,  makes  the  same  declaration  in  the  last  number  of  the  Antkro- 
paloffitt.  As  it  is  made  since  his  visit  to  the  Uuited  States,  and  bear, 
ui};  upon  this  discussion,  I  may  be  t>ernittted  to  (piote  his  opinion  as  to 
the  want  of  vuluc  iu  the  objection  made  that  other  i>ersons  than  Dr. 
Abbott  have  not  found  these  implements  when  they  sought  them  in  the 
Treutou  gravels.  M.  Boule  says,  in  the  hist  number  of  FAntkropologie, 
vol.  IV,  ]>.  -tS,  in  reporting  his  visit  to  the  United  States  during  the 
last  intemattoual  geologic  congress : 

"  I  did  not  myself  find  any  of  these  chipped  stone  implements  duiing 
my  excursion  to  the  gravel  pit  at  Trenton,  but  there  is  a  similar  locality 
in  the  ueighborhotHl  of  Paris,  very  rich  in  implements — inChellesfor 
example — where  1  ha\'e  been  many  times  and  my  searches  have  always 
been  iufi-uctuouH  ;  bnt  the  de]>osit  of  gravel  presents  entirely  the  same 
topographic  and  stratigraphic  (Us])osition  of  the  palieoli^hic  alluviom 
of  the  north  of  France  and  south  of  England. " 

This  proi>osition  will  be  lietter  underst^Hxi  when  the  conditions  are 
once  explained.  The  (legmt  at  ('belles  is  in  the  neighborhood  of  100 
acre^  area,  44,000  Bc|uare  feet  to  an  a<Te,  100  times  that  to  100  acres  in 
surface  measure.  If  the  gravel  bank  be  20  feet  deep,  it  would  be  twenty 
times  that  number,  88,000,000  cubic  feet  of  gmvel.  I  have  said  1,000 
implements;  there  may  have  been  10,000  such  implemetits  found  at 
Ghelles,  which,  scattered  among  88,<M)0,00<)  cubic  feet  of  gravel,  will  give 
an  average  of  one  implement  to  every  8,8(Kt  cubic  fef^t  of  gravel.  Some- 
times tbey  are  bunched  so  that  one  may  find  a  do/eii  in  a  single  pocket,  ' 
or  a  bundre<l  iu  a  single  day,  but  this  only  decreases  the  chances  of 
Snding  them  within  any  s|H-i:ilied  time.  This  explains  M.  Boule's  state- 
ment that  a  muti  may  stay  there  and  watcb  tbe  diggers  for  a  week 
without  finding  a  single  implement — thi-s  too  in  a  gravel  bank  which 
furnished  10,lK)0  imjilemeuts.  I  do  not  give  these  tlgurss  as  exact. 
They  are  ouly  to  serve  as  illustrations.  I  do  not  know  that  there  were 
JDHt  100  acres,  and  I  only  s|>eiik  from  remembrance  of  its  appearance 
wlien  1  estimate  its  depth  at  20  feet,  and  1  only  estimate  10,000  imple- 
ments lis  having  been  found  there. 

M.  de  Mortillet  has  made  a  similar  estimate  with  regard  to  St.  Auheul, 
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tbat  othev  great  de|K)t  of  FaL-BoHthic  iuiplcmeDtu  which  fiirniHheA  a 
greater  number  probably  tbaa  any  other  in  the  world;  and  be  has 
shown  that  the  dissemination  of  tlie  iniplemeuts  through  these  grav- 
els rendered  it  very  unlikely  that  any  iwrsoii  could  find  an  imple- 
ment in  any  given  length  of  time.  On  the  other  hand,  Dr.  Capitau  dis- 
covered a  depositiD  the  southwestern  part  of  France  during  the  summer 
of  189ii,  of  which  he  said  he  found  an  implement  or  a  bit  of  worked  flint 
every  five  minutes.  It  wiis  quite  ilifirerent  from  this  in  the  workshop 
of  Bois  de  Kocher  in  Brittany,  discovered  by  MM.  Micaalt  and  Foniiw- 
That  was  a  workshop,  and  the  implements  were  found  all  together  and 
in  a  few  days' or  hours'  excavation.  Consider  the  comparative  scar- 
city of  these  implements  in  the  Ohelles  and  St.  Aclieul  gravel  banks, 
and  tbecomparativescarcity  oftliese  implements  in  the  gravel  deposits 
at  Trenton  will  not  appciir  strange,  nor  will  the  fitct  that  gentlemen 
spend  weeks  or  even  mouths  in  the  search  through  these  gravels  id 
what  prove<l  a  vaiuattemptto  find  Paheolithic  implements  be  evidence 
against  their  existence.  Imagine  the  gravel  bank  adjoining  the  Penn- 
sylvania Uailroad  deimt  at  Trenton,  extending  by  estimate,  eastward 
half  a  mile,  a  (luartcr  of  a  mile  in  width,  the  gravel  20  or  even  30  feet 
in  thickness,  dug  down  and  thrown  into  cars  upon  temporary  tracks, 
which  are  moved  e^ich  day  or  each  week  close  into  the  bank — imagine,  i 
say,  this  great  mass  of  gravel,  amounting  to  millions  of  cubic  feet,  with 
the  number  of  Paheoli  thic  implements  said  to  have  been  found  by  l>r.  Ab- 
bott, I  care  not  whether  we  tsike  the  smallest  number,  40,  or  the  largest 
number  400  oi*  500,  scatter  them  through  this  pile  of  gravel,  and  then 
consider  what  would  be  the  cham-e  of  a  i>erson  finding  one  of  these,  I 
care  not  what  his  ability  afl  an  observer,  how  ubiquitous  be  w;is,  nor 
with  what  attention  and  zeiil  he  fullowi^  the  shove)  of  the  diggers  and 
inspect*!  the  fine  gravel  they  threw  out.  I  only  rejieat  the  sole  con- 
clusion intended  by  this  line  of  argument — tbat  it  is  no  proof  these 
implements  do  not  exist  in  these  grav<'ls  that  other  gentlemen  have 
sought  for  and  failed  to  tind  them;  wliile  l>r.  Abbott,  who  has  hved  in 
the  neigliborbood  all  his  life,  has  been  engaged  in  the  search  for  twenty 
years  or  more,  has  invokes!  the  aifl  and  enlisted  the  co-o|)eration  of  his 
neighbors,  the  diggers,  and  the  public  in  general,  and  during  all  that 
time  has  found  only  the  number  suggested,  1  care  not  whether  it  be 
40  or  400.  No  att^^'iupt  has  been  made  by  anyone  to  impeach  the  ve- 
racity of  Dr.  Abbott  in  this  mattei'.  We  must  acceirt  bis  statement  as 
to  the  finding  of  the  implements.  The  conclusions  to  bo  drawn  fi:t»in 
his  facts  are  fair  subje-sts  for  argument,  and  I  would  not  pretend  be- 
cause  we  uuist  follow  Dr.  Abbott's  facts,  that  therefore  we  tniwt 
ueceasarily  adopt  his  conclusions. 

It  may  be  said  that  in  this  matter  Dr.  Abbott  faaa  been  deceived; 
that  the  implements  to  which  he  has  attributed  this  antiquity  Lavebeeo 
fabricated,  imposed  upon  him  as  genuine,  when  they  might  have  been 
made  by  the  workmen  with  intent  to  deceive.    This  has  occurred  tg 
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other  places.  M.  Boucber  de  Perthes  himself  was  siuUy  de<:eivod  in 
several  cases.  Oiie  proof  of  the  aDtiqtiity  of  stone  iiuplements,  or  of 
some  of  them,  ia  by  the  patina  oi'  weathering  shown  on  the  exposed 
sorface.  Any  of  the  itrgillite  implements  from  the  TrentoD  gravels 
may  be  broken  and  thus  hIiow  the  ditferenre  of  color  between  the  in- 
side and  the  outside.-  On  the  outside  it  is  a  dull  gray,  on  the  inside  it' 
is  shining  black;  the  black  color  is  the  natural  appearance  of  the 
stone;  this  is  showtt  when  tlrst  chipped;  the  gray  api>earance  is  from 
the  weathering,  and  it  has  been  made  by  long  exposure. 

Evidences  of  the  primitive  industry  i>f  man  have  been  found  in  many 
other  places  of  the  United  States  besides  Trenton.  At  Loveland  and 
Madison,  Ohio,  by  I>r.  Mctz;  at  Ncwcomerstowii,  Ohio,  by  Mr.  Mills; 
at  Fedora,  Ind.,  by  Dr.  GresMon,  and  at  Little  Falls,  Minn.,  by  Miss 
Babbitt.  All  of  these  localities  have  been  attacked  in  )ate  publications 
by  disbelievers  in  the  existence  of  Paheolithic  Man.  Id  order  that  1 
may  be  fair  in  argument,  and  iicce|>t  fiilly  the  fa<;t8  according  as  they 
are  found  by  the  obs4Tver,  it  must  be  conceded  that  the  evidence  of 
palicolithic  occupation  at  Little  KallM  has  Ik-cu  t«acccs.sfully  assailed  by 
the  investigations  of  last  summer  made  there  by  Mr.  Holmes.  I  liave 
opon  another  occasion  complimented  Mr.  Hobnes  upon  the  system, 
thoroughness  of  his  investigations  there;  and  his  conclusions,  so  far  as 
they  are  based  upon  those  investtgiitious,  must  stand  until  some  subse- 
quent investigator,  going  over  the  sam^t  ground,  shall  change  the 
EEtcts.  I  may  have  disagreed  with  Mr.  Holmes  in  his  conclusions,  but 
1  concede  his  facts  must  stand. 

Some  years  ago  I  niatle  an  ap|K^al  iu  the  form  of  a  circular  from  the 
Smithsonian  Institution,  asking  for  information,  which  was  scattered 
tlironghout  the  United  Stiitcs,  concerning  these  objects,  and  1  ac- 
companied this  with  cuts  and  engravings  of  similar  objects,  some 
from  Enroi»e  and  iithei-s  from  America.  I  received  resitonses  from 
nearly  every  State  in  the  United  States,  and  many  States  responded 
with  great  uumbers.  I  do  not  proimse  to  folhiw  the  result  of  this 
iuvestigatiou  in  all  its  details,  but  to  say  that  there  was  rep<irted  to 
the  Smithsonian  Institution  a  large  nunil>cr  ot  implements  similar 
in  every  reganl  to  those  found  in  the  gra\'ols  at  Trent^in  and  other 
places,  and  to  those  from  Western  Kurojve.  Many  of  those  reported 
vere  not  Pahcolithic — did  not  resemble  Pahcolitliic  implements — many 
of  them  were  but  chips  and  rude  Hakes — some  objects  were  man- 
ifestly NeoUthic;  but  omit  all  these,  still  thero  was  a  considerable  num- 
ber of  implements,  i-cprescnting  practically  every  State  in  the  United 
States,  which  would  corresiwnd  in  every  particular  (save  in  some  cases 
material),  with  those  fmin  Kni-oiie.  These  identical  implements,  had 
they  been  found  in  western  Euro[)c,  and  ])resente(l  before  any  com- 
mittee of  the  beat  an-lneologists,  they  would  be  pronounced  Paheo- 
litbic.  In  tlua  connection,  I  refer  again  to  the  quotation  made  a  little 
time  ago  from  M.  Boule,  wherein  he  states  the  same  thing.     Hat  these 
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iin])leiueutii  Wtii'u  uot  t'ouud  in  Eiiinpe,  uud  their  value  as  evidence  of 
Pre-historic  Man  in  the  United  Suitex  hiiit  been  disjmted. 

You  will  ask  what  is  my  conolQHion  with  regard  to  this  matter.  I 
conclude  tliat  this  similarity  nf  sach  vattt  niiiubers  of  these  imple- 
nients&om  two'conttaente  and  repi-eseuting  widely  separated  i)eoples 
is,  as  M.  Boule  has  said,  "  an  argument  in  favor  ot'their  antiquity  wbith 
will  greatly  impress  prehistoric  arctaa>ologist!4  of  experience."  It  i^ 
to  be  taken  as  serious  evidence  in  favor  of  Palu-olithie  Man  in  Amer 
ica,  as  it  has  proved  him  to  have  existed  in  Kurojie.  But  it  in  only 
a  single  step  in  the  ladder  of  prehistoric  science;  and  is  t«  be  treate<l 
more  as  a  working  hypothesis  calculatetl  to  direct  attention  and  stim- 
ulate investigation.  My  conclusion  is  not  announced  dogmatic^ly,  dot 
will  it  be  defended  at  all  hazards.  It  is  ex]H-essed  under  all  reserre, 
and  subject  to  future  discoveries.  It  will  have  served  a  good  purpose 
if  it  shall  promote  the  searcli  of  the  river  valleys  for  these  implements, 
cause  them  to  be  gathereil  and  saved  as  of  value  to  science,  to  notr 
well  their  associatious  with  otiier  subjc^rts  to  be  noted,  and  to  disrover 
their  material  and  if  possible  the  origiuat  deposit  and  the  place  of 
their  fabrication.  By  these  meaus  we  may  hope  to  arrive  at  the  tmtb 
cunceroiug  these  implements  and  their  relation  to  I're-historic  Man. 
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PEEHISTOmC  NRW  MEXICAN  POTTEKV. 
By  Hgnby  Hales. 


Ib  Jannary,  1889.  T  received  wnnie  niK^ient  pottery  from  a  friend  in 
New  Mexico.  I  was  snrpriKed  tn  find  that  so  littlt^  was  known  of  this 
description  of  ware  amonp  colle<'tors.  Not  a  single  piece  was  seen  in 
the  New  York  museanris.  1  met  Prof.  Fi-e<lerick  Starr  in  the  Mnseum 
of  Natural  History,  who  took  much  interest  in  the  ware.  Beferriiig  to 
sereral  works  on  American  antiquities  I  found  fraf^entK  of  this  ware 
illustrated  in  .lohn  B.  Bartlett's  |>ersoiial  narrative  as  Imnndary  com-  . 
missioner  of  the  T^nited  States  expedition,  18.W  to  IS5.'l,  which  he 
found  in  the  Gila  Valley.  Although  ho  many  fragment;H  had  been 
found,  the  whole  wai-e  had  been  seldom  seen.  All  the  information  I 
conld  get  aboat  it  was  very  meager.  That  it  wa-s  foand  in  ttie  valleys 
iiiid  deep  in  the  ground,  aeconipanied  by  skeletons,  also  that  much  wa.s 
broken  in  getting  it  out,  was  all  I  v.o\M  hear  alHint  it.  With  these 
few  hints  I  determined  to  go  to  New  Mexico  to  observe  for  myself,  au<l 
gain  information  reganliug  this  pe<;ultar  pottery.  My  route  was  by 
the  Rio  (irande  Kailnia4l  in  New  Mexico  to  Socorro,  west  to  Magdn- 
Jena,  f  then  struck  acniKS  the  Han  Augustine  phiinK  to  the  Tule  lioaa 
Canyon,  which  ruuM  west  to  Arizona,  near  the  heails  of  the  Frisco  and 
Oila  rivers, 

I  found  the  ruins  commence*)  in  Tule  Itosa  Canyon,  which  I  followed 
for  20  miles,  and  in  two  of  its  branches.  All  that  can  be  seen  to 
indicate  ruins  is  a  few  loose  stones  on  the  surface  of  the  ground, 
tearcely  recognizable,  which  probably  ac<;ounts  for  their  lying  so  long 
nndisturbed.  In  most  cases  I  found  them  where  the  canyons  oi)ene<l 
into  little  valleys,  witli  a  brook,  or,  more  oftini,  what  had  once  been 
one,  but  now  a  dry  gully.  Between  the  tdhivial  levels  of  these  water 
courses  and  the  foot  of  the  mesas  or  mountains,  there  is  generally  a 
slightly  rising  grouml,  which  appears  to  be  out  of  danger  of  floods; 
tliexe  were  the  selected  Mpots  for  building.  The  earth  is  not  as  rich  n» 
the  lower  levels,  and  is  composed  of  day,  a  little  sand,  and  some  broken 
Htone,  with  a  growth  in  patches,  of  pinon  pine,  jutiipers,  a  species  of 
Hinall  walnut,  and,  in  moist  places,  very  large,  tall  pines,  varieties  of 
i-acti  and  yuccas. 
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I  fuand  in  some  rooins  very  large  old  dead  junipers  that  were  larger 
than  the  Hurroundiiig  trees.  Some  of  tbe  ruiuB  are  milett  from  any 
water.  They  are  8cattere<l  at  short  intervals  of  a  huDdred  yards  to  a 
mile  or  more  apart  in  different  directions,  as  the  ground  lies  favontble, 
and  at  times  on  higher  rising  ground.  From  these  conditions  itwoiild 
appear  that  the  population  was  at  one  time  uumerotis  in  these  valleys. 

1  found  Bome  extensive  ruius  ou  a  branch  canyon  a  long  distance  from 
water.  The  ruins  I  excavat«d  in  were  GO  feet,  plainly  traceable,  with 
appearaDces  of  extending  100  feet  further,  by  117  feet.  The  CO  feet 
was  divided  into  the  widths  of  three  rooms — the  first  16  by  20  feet,  the 
second  18  by  24,  and  thethii'd  l.'iby  18,  which,  with  the  width  of  walla 

2  to  3  feet,  made  the  distance.  There  were  three  other  rooms  whieh  1 
conid  trace,  adjoining  the  ends  of  these  rooms,  as  seen  in  Fig.  1,  and  a 
email  middle  room  8  by  8  feet,  but  the  walls  were  not  accurately  laid 
bare.  The  ootside  walls  were  laid  a\}  with  roughly  hewed  stone,  worked 
into  squares  of  about  14  inches  and  about  3  inches  thick.  Some  of  the 
partition  walls  were  laid  with  uncnt  bowlder  stones.  The  walls  were  laid 
in  clay  cement  amoothly  plastered  inside;  mostofUielootiesUme  on  the 
snrfikce  was  uncut  stone.  The  depth  of  walls  was  from  5  to  8  feet,  witli 
clay  floors  at  the  bottom  of  rooms.  In  rooms  16  by  20,  on  theoutside 
wall,  were  two  openings,  onv  apparently  each  for  door  and  window ;  tbey 
were  blocked  up  with  rough  stone  laid  without  cement.  This  would 
make  it  api»ear  that  the  floors  of  the  rooms  were  once  about  the  level  of 
theearth  outside.  Below  these  floors,  and  close  toorunderthefounda- 
tions,  were  skeletons  of  adults,  but  so  far  decomposed  that  only  the 
large  bones  and  skulls  were  generally  traceable;  very  few  of  these  can 
be  exhumed  whole.  Neai'ly  all  the  teeth  are  very  sound.  I  found  in 
one  room  two  skeletons  in  a  doubli'il  position,  partially  under  the  fonn- 
dations,  as  shown  in  Fig.  'J.  There  was  a  hearth  made  of  four  long 
pieces  of  square-dressed  st^me  forming  the  frame,  filled  up  with  cement 
in  the  middle.  Under  this  hearth  I  found  the  skeletons  of  two  children. 
There  were  pots  about  the  heads  of  the  a<Iults,  Under  the  chin  of  oue 
I  fonnd  eleven  shell  rings  and  a  turquoise  bead.  All  the  skeletons  are 
not  accompanied  with  pots;  some  have  nothing  with  them,  while  others 
have  several  pieces;  some  contain  bead  necklat^es,  charred  corn,  beans, 
pumpkin  seeds,  fragments  of  woven  fabrics,  cord,  braids,  and  human 
hair,  etc.  Also  bone  implements  in  a  perfect  state  of  preservation  are 
found  near  the  human  bones  that  are  so  decomposed.  The  iwttery  con- 
sists of  several  kinds;  there  are  tlu>  (roil  pots,  as  are  found  in  mounds 
and  cliH' dwellings,  but  many  lire  of  a  much  finer  ware.  A  red,  smooth, 
glossy  ware  without  ornamentation,  all  of  a  bottle  or  vase  form.  But 
tbe  chief  interest  centers  in  the  white  or  rather  light  gray  and  black 
ware,  finely  decorated  and  glazed.  The  <lesigns  are  unique,  both  in 
form  (whieh  is  various),  and  the  style  of  figure  in  decorating,  much  of 
which  is  like  steps  tu  endless  variety  of  changes,  curves,  and  lines  in  a 
maze-like  intricacy  in  some,  with  geometrical  figures  in  others,  but  the 
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uquiilly  wift (-distributed  hulunve  of  (Milor  and  t<)ruiK  iiiiirk  tlim  |tocnliar 
|X)tt^ry.  It  is  of  »  rather  noft  inHiJolina-Hke  luateriuMii  body,  while  tlie 
jrlazed  Rurfaoe  is  himl  and  brittle,  but  it  is  thin  and  light  in  weigrlit. 
Aiiotlier  ware,  red  and  blank,  ib  fonnd  in  the  fonn  of  bowlK  and  pitch- 
ers; thi»  differs  somewhat  from  tbe  irhite  and  blat^k,  and  is  very  fk^a^le. 


I  have  seen  no  whole  R|iecimeiia,  bnt  some  are  easily  repaired  and  W- 
«;ome  liarder  after  bein;;  exposed  to  Ibe  air  for  a  tinje.  A  great  many 
iHtwIs  are  fonnd  of  a  drab  or  yellowish -brown  color,  smooth  inxide,  with 
plumb»t;o  worked  into  the  elay  and  made  very  smooth.  These  are  often 
fonnd  btnckenml  outside  from  tire,  an<l  inside  a  black  charcoal-like  dnst. 
Thfse  were  probably  (.-ookin^:  ntensils.     Stone  implements  lire  <|UJte 
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pleiitilul, — mi'tiitas,  mortars,  uxch,  liiiiiiiiiviB,  uiid  most  uftbe  usual  ar- 
ticles of  the  kimi,  except  sijear-lieads,  or  war  iiii|»lemeiitK,  wliich  I  did 
tiut  sec.  Tlie  little  oltsidian  arrow  points,  very  fine  and  small,  are  foand 
all  tlirongh  the  soil;  I  saw  some  enide  RmokiD^ pipes,  and  two  lengths 


H 


of  what  appeared  to  be  water  pipes ;  also  a  bell  of  bronze  similar  to  Pig. 
44,  Sixth  Annual  Report  of  Bureau  of  Ethnology,  but  having  the  shoul* 
rtermore  like  the  tripletbells.  Pig.  43.  It  is  3  inches  long  and  2  broad. 
I  also  saw  some  finely  carved  small  figures  of  animals  not  over  an  inch 
long,  of  a  greenish  stone,  resembling  Jade.     Some  pebbles  I  loiiud  were 
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p<i1tKbed  ou  one  or  more  sidea.  A  few  were  of  black,  fliie>grained  stone, 
wliirb  the  Mexicans  called  moist  stones,  for  after  lioldiug  them  in  the 
warm  hand  and  nsiDg  a  little  friction  they  feel  moist.  In  some  of  the 
rooms  charred  parts  of  beams  of  pine  were  found ;  all  the  raw  wood  had 
audonbtedly  rotted  away.  Many  were  the  siieculatious  of  the  inhabi- 
tants I  heard  expressed  aboat  the  race  of  people,  and  why  they  left, 
none  of  which  gave  any  solution  to  the  difficulty.  It  is  evident  that 
only  a  very  few  bodies  were  buried  under  the  houses,  or  they  would  be 
much  more  numerous  after  a  long  continued  occupatioH.  It  seems  a 
great  mystery  how  these  buildings  became  filled  up  and  have  fragments 
of  pottery  through  the  earth  from  top  to  bottom.  The  earth  in  most 
localities  is  quite  hard,  and  can  be  removed  only  by  a  pick-ax.  If  an 
archieologittt  h)»l  an  entire  building  cleared  out  and  laid  bare  iusitlc  aiid 
out,  a  better  solution  might  be  arrived  at. 


D.D.t.zea  by  Google 


RELICS  OF  AN  INDIAN  TTTTNTING  GROUND, 
IX  yoRK  corxTV.  pa. 


BY  ATREIIW   WAHNER. 


York  Cimnty  is  assumed  to  liave  been  only  occat«ionally  visited  by 
Indians  and  reputed  to  be  comparatively  barren  of  relicB,  In  a  re- 
cently published  liistory  of  tlie  county,  it  is  said  tbat — 

"It  [York  Oountyl  was,  as  it  appears  from  tbe  Indian  complaints, 
preceding  its  settlement,  a  Imnthig  gmitnd,  or  on  tbu  way  to  bunting 
grouodN,  nearly  all  woods,  and  claimed  by  the  Indians  Ui  have  been  ex- 
pressly reserved  for  tliem  by  William  Perm.  Tlie  original  settlers  here 
found  immense  tracts  of  bind  entirely  demided  of  timber  by  tbe  annual 
fires  kindled  by  tbe  Indians  for  the  purpose  of  improving  their  hnnt- 
iiip  grounds." 

Snili  a  stiitement  concerning  tbe  Indian  occupation,  vitliout  calling 
into  qnesticm  its  accuracy,  is  Unt  general  and  vague.  It  conveys  to  us 
uo  conception  of  tlie  extent,  clmracter,  location,  and  number  of  Indian 
settlements  in  tlie  territ,»rv. 

Desirous  of  learning  more  about  these  aboriginal  tictllements,  the 
author  selected  a  limited  area  of  the  coiuity  and  then  priM-eeded  tn  care- 
fully nearcb  the  ground.  The  object  was  to  a.sc4rrtain  jnst  wluit  evi- 
dences of  Indian  mrcupation  could  yet  be  found  strewn  over  the  fields, 
many  of  which  have  iM'en  cultivated  for  more  than  a  liuiidretl  yenrs. 
That  the  aeiirc^h  was  well  rewarded  is  iiioveu  by  the  number  and  variety 
of  specimens  collected. 

The  region  sele<'ted  extends  along  tbe  Codorus  (Jreek,  having  a 
breadth  of  two  miles,  and  a  length  of  six,  with  the  city  of  York,  (York 
County,  Pa.,)  in  its  center.  The  area  thus  located  leauhes  fiom  the 
forks  of  the  creek,  above  the  city,  to  two  high  hills,  between  which  the 
Codorus  flows.  The  surface  of  tbe  land  is  undulatory  and  well  watered 
by  numerous  runs.  It  is  now  a  thickly  settled  and  highly  cultivate*! 
part  of  the  county.  All  the  relics  described  In  this  pa]>er  have  been 
found  along  the  Codorus  and  its  tributary  runs,  since  1882. 

All  the  implements  herein  described  were  collected  t^im  the  surface 
in  various  fieidfi. 
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Tieaf-Mhapfd  impUmaiiH. — WUcthcr  the  Kpcciiiu-its  illiistniU-*!  were 
nsvd  OH  lanvoUciids  or  not  is,  of  uiursi',  uiei'e  Hi>cculatioii.  In  lultlition 
to  '"tlie  absence  of  a  iioU^lifd  or  8teiunie<1  base  or  both,"  by  whk'h  Dr. 
Abbott  8ep»i'i)tes  hiiicc  froiii  Kpcar-iieads,  these  Mpecitnein^  art;  of  com- 
pai-atively  yreat  tbiekiioss.  The  aooompanyiiip  iUiiHtratioDS  will  more 
clearly  serve  U*  point  out  the  ditference  between  lance-beods  and  speiir- 
heatlR,  wliether  sucli  differences  are  enough  t«  warrant  the  inferenw 
that  they  were  used  for  different  piu^>oses  or  not. 


(1)  Gray  i-ompnrt  snnilstoiie:     Length.  -1^  inchea;  widtb,  If  ine. ;  thickneBo,  i  iiw. 
\2)  KrlHiti(^^c»'k,  iiiirplu:  Li'iigtli,  J4  iiiH. ;  wiiItli,)!T<'iit«8t,  2^  iiiH. ;  tliickueis.  i  in- 
<3)  QuHrlE,  gray ;  Leiiglh,  3j  iiicbe«;  width,  l\  imhes;  tliicku«w,  j  inch. 
(4)  Quartz.  K"y:  Tliifknt-iw.  \  inrh. 

Spear-heads. — All  of  the  speeinieiis  illnstrated  under  this  bead  hnve 
ba^essofasbioDeil  as  to  provide  fortheattachnientof  asbsft,  whilBttlie 
preceding  bearno  evidences  of  having  be*m  so  wroncht.  Figs.  9,  lOj  I'l 
12,  and  13  may  have  been  used  for  "Ashing  spears."  At  any  rate,  owing 
t«  their  shaiK',  they  wouhl  Iiaveaiiswciiil  tliat  puri>ose  better  than  any  of 
the  other  stone  iinplcments'a'ehave  found.  The  shallow  Codorus,  with 
its  generally  elear  water,  along  the  banks  of  which  all  of  these  slender 
BI>e)ir-l leads  were  found,  must  liave  been  a  gtxKl  stream  in  whifli  to 
spcur  fish.  Only  one  imint.  Fig.  12.  is  represeute<i,  though  we  have  a 
iiiunber  of  them,  to  which  we  referred  when  outlining  the  supposwl 
shaiH'  of  the  basal  pieces — )»,  9.  \V>,  11,  and  13.  Figs,  i)  and  11  hciir 
some  i-eseniblance  to  jHTforators,  but  their  appearance  and  better  fitiish 
secu)  to  indit-ate  a  diflerent  use.  Fig.  10  has  on  each  side,  Jnst  Ik'Iow 
thi-  'lOfioh}  a  row  of  pmniinent  teeth,  a  [lecHhar  variation  of  the  nmiftl 
'ori      jHJIier  s)»eciuiens  not  descrilHil  are  like  the  ones  illastrat«d.    All 

^  hI  wen'  fonnd  in  difl'eivnt  fields. 
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Arrmc-lteadM. — Several  linuclred  arrowheads  liave  been  ]>ic1ied  up 
within  tliis  are».  They  seem  to  be  f^enemlly  distributed  over  the  fields 
adjacent  to  the  Codonia  and  alon^  all  the  variona  runs emptyiii|r  into 
the  same.  There  are  five  or  six  localities  where  more  fragments  and 
more  whole  specimens  have  been  found  thuu  etsewliere;  but  in  several 
of  these  the  washing  away  of  the  soil  and  the  consequent  exposure 
of  the  stones  account  for  the  preater  "find." 


SPKAB-UEAtll' 


-(Half-Bi 


lO 


(5)  Slat«,  purplo:  Lenji^b.  4|  inrhes;  width,  1]  inchcH;  thickaeaii,  )  inch. 

(6)  !«)ute,  gr»y :  Widtli,  2  iafben;  thickueoH,  i  inch. 

(7)  Felsitic  mrk:  length,  3i  inrhen;  wiiltli,  It  incheH;  thitkneHS,  |  im-h. 
(X)  Fcbitin  rook:  Length,  3  iacbeH;  wiilth,  1|  inches;  thickneu,  |  inch. 


(D)  Felsitic  TiH'k:  Width,  (greatest,  H  inclips;  thicknewi,  i  inch. 

(10)  islate,  black:  Width,  i  incb;  thk'knrsM,  «  iu<-b. 

(11)  Felsitic  rock:  Width,  gr.,  3  inch;  thickiit^u,  ^,:  inch. 

(12)  Quartz:  Width,  ^\  inch;  thiikneiw.  ^^  incli. 

(13)  FeUilic  rock :  Width,  gr.,  i  ini'hi  thickness,  !  inch. 

The  specintens  selected  for  illustration  are  samples  of  tlie  best  wrought 
arrow-heads,  showing  variety  in  shapi'.  They  are  far  superior  in  work- 
manship to  the  average  arrow-hoid.  Before  one  such  fine  specimen 
can  be  picked  up  a  dozen  or  more  primitive  ones  will  he  found. 

The  minerals  of  which  they  arc  made  are  limestone,  slate,  quartzite, 
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ordinary  wliitequartz,  afelsitic  rovk,J}isper,  agate,  and  chert.  Tbe  first 
four  of  tliese  aub&tancea  occur  within  the  region;  the  otbevii  do  not. 
Were  the  arrow -heads  of  the  other  materials  inatle  here,  or  were  they 
broagbt  here  already  made  fiom  elsewherel  We  shall  refer  to  that 
qaestion  under  the  head  of  "  Stoneworkers'  Chips." 

Altllow-llRAlis.— (Full  size.) 


(U)  FelRitic  rock,  gray:  Length,  2^  inchef;  widtli,  I;  iocbea;  tbickness.  i  iiicb. 
(iri)  FoUitii; rock, gray:  Leii(;th,  -*j[  intUcB;  widtli,  greatest,  j  in.;  thii'kuc««.  j  in 
(]6j  Ketnitir  riivk,  grov:  Length,  '2li  inches;  triilth,  1\  inches:  tbicknes*,  (iiicli. 
(171   


(ItJI  FElsitic  Tock  1  Longth,  U  indioe;  thickncsa,  |J  inch;  width.  ^  inch. 
Ml))  guart/,  milky:  Lrngth,  IJ  iiiche«;  width,  greatest,  i  inch;  thivkn««,  i'n' 

•0)  Chert:  Length,  IJ  inches;  width,  3  inch;  thickness,  ^incb.         . 

'1)  Quartz,  milky:  Length, j  width,  I  inch;  tbicluioss,  j  incli. 
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ARR<)W-iiKAns.— (Kull  size.) 


(22)  Quartz,  milky:  Leogth,  Ij  JDches;  width,  1  inob;  thickness,  i  inch, 

(23)  Quartz,  milky:  Length,  H  iiicb»«;  witlth,  IJ  iucboa;  thicknesa,  i  inch 

(24)  Felaitic  rock,  gray:  Length, ;  width,  i  iuch;  thioknesB,  1  inch. 

(25)  Jaspei:  Length,  1{  incbei;  width,  ]  inch;  tbickneBB,  i  inch. 


(2H)  Felsitic  rook,  gray:  Length,  1^  inuhcs;  width,  i  inch;  tbickuesa,  i  iuch. 
(21)  JaH|>or:  Length,  Ij  iiiohex;  niittb,  1^  inclicH;  tbickness,  i  inch. 
i'X)  Kelsitic  rock,  gray:  Li^ngth,  1^  ioclHts;  width,  j  inch;  thicknesf,  i  inch. 
(29)  Quartz,  red:  L«Dgth,  H  im-licM;  width,  |  inch;  thtckaeBB,  J  Inch. 


(30)  FelHiticTock:  Length,  J  inch;  width,  ^  inch;  tbicknens,  ^  inch. 

(31)  Quartz,  milky:  Li'u;:tli,  {inch;  width,  «  iui:b;  Ihickiietta.  ,',;  inch. 

(32)  Quartz,  milky:  l^'hgth.  i  inch;  width,  i  iuch;  thickness,  i  inch. 

IB)  Qnartc:  Length,  J  inch;  width,  i  inch;  tliickueas,  i  inch.       (  "i^oqIc 
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Knives. — Fig.  3o  Ik  a  curve<l  and  somewhat  angular  pi&M  uf  yellov 
aud  r«l  jasper.  Aloug  its  entire  concave  margin  is  a  Berrat«d  cutting 
edge.  It  looks  as  tlioagh  it  liad  beea  originally  a  part  oi  some  larger 
implement  and  had  been  rudely  chipped  after  detachment  to  its  present 
shape. 

K.MVK8.— (lUllHJie,} 


(34)  FeUitic  rock,  gra^:  LuDgth.  r>  inches;  width.  I^  inches;  thickness.  I  inch. 
(^)  Jasper,  yeiluw:  Length,  3|  inches;  wiiUb.  -  inch;  thickness,  i  inch. 

(36)  Felsiticrock,  ^ft.v:  Leagth,  2j  iuchen;  niillh.  f  inch:  thickness,  |  inch. 

(37)  Felsitic  rcMik,  gray :  Tliickncsti,  1  inch. 

The  ba»e  of  Fig.  ST  is  broad,  concave,  and  not  chipi>ed.  Tbf  rest  of 
its  margin  is  chipi>ed  to  a  cutting  edge.  Fig.  30  is  a  flake  of  felsitic 
rock  with  a  somewhat  blunt,  sorrnted  edge.  Fig.  34  has  been  chipped 
to  a  remarkably  good  edge,  with  the  exception  of  the  basal  end  and  a 
small  flat  area  at  the  convex  margin.  By  placing  the  forefinger  on 
this  flat  surface  and  the  thumb  on  the  side  a  Arm  grip  am  be  had  wbieh 
vill  enable  one  to  make  excellent  nse  of  the  en  tire  concave  edge.  Tliis 
edge  is  decidedly  the  better  of  the  two.  We  have  nothing  else  from 
here  like  this  si>ecimen.  but  a  knife  of  chert,  from  Ohio,  in  our  collec- 
tion resembles  it. 

Per/oraUfm. — One  of  these  i>erforalors,  Fig.  41,  of  felsitic  rock  bean 
unmistakable  evidences  (»f  having  been  u.xed  to  drill  holes.  The  point 
is  worn  smooth  and  more  or  less  e\'en,  whilst  ab«ive  it,  on  both  sides  the 
serrat^'d  edges  are  sharp  and  angular.  Figs.  38  and  30  have  broad 
bases  and  can  l>«  easily  and  firmly  held  between  the  thumb  and  finger. 
The  i>oints  are  cylindrical  and  stout.  Figs.  40  and  42  might  have 
r  well  for  several  purposes.    Their  shape  is  an  excellent 
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one  for  drilling  holes.  y«t  botli  are  so  well  wmuglit  its  to  suggest  that 
perhaps  tliey  may  have  been  «pe»r-  or  arrow-heads.  The  five  ilhislnited 
are  the  only  whole  implements  of  the  kind  that  we  have  found  in  this 
re^ou.  We  occasionally  pi<'k  up  points  that  are  cylindrical,  but  can 
not  of  course  d»'ide  whether  they  lielong  to  drilling  stones  or  not, 


—(Full  H 

3J  3; 


'ft. 


(38)  Quarts:  Length,  i|   ini-hes;  wldtb,  jtrcatoHt,  I  incti;  tliicknetis,  \  inch. 

(39)  Felaitlc  rock,  blue:  LetiKtli.  'i  mchos;  wiiUh,  1  Iik-Ilj  UiirkDeHn.  ^  iurli. 

(40)  Felaitic  rock,  grky:  Luuj^th.  :.'  ini'lies;  widtb,  E  iiicb;  thicknem,  \  incti. 

(41)  Felnitic  rock,  bhie:  Lougth  Ij  iuche»;  wiiUh,  \  inch;  thickness,  Ij  imli. 

(42)  Velsitic  ruck,  gtay:  Length,  \\  inch;  width.  ,'«  isoh;  thickness,  i  inch. 

Vtlix. — Figs.  43  and  44  are  so  much  alike  In  general  outline  as  to  Justify 
the  opinion  that  both  were  designated  for  the  same  purpose.  Neither  is 
peeked  or  sharpened,  but  both  are  chii)ped.  Fig.  43  i-s  made  of  quartxite 
and  is  rudely  fashioned.  The  other,  of  slate,  is  much  more  symmetrieal. 
The  margins  of  both  are  very  blunt.  Kitber  if  sharpened  would  serve 
every  purpose  for  whitrh  Figs.  4.1  and  46  might  be  used,  iiDd  hence  with- 
out speculating  as  to  what  tbey  were  intended  for,  we  have  called  them 
(shipped  celts.  Fig.  4.'>*,  of  slate,  is  chipped  and  sharpened  along  the 
liiwer  margin.  Fig.  46",  made  of  trap,  is  smooth  over  its  entire  surface, 
ttud  posesses  a  moderately  sharp  edge.  There  is  no  evidence  of  chip- 
pitig  or  pecking,  but  the  entire  surface  plainly  shows  that  it  was  worn 
to  i(«  present  shape  by  rubbing.     Nearly  uU  the  celts  from  the  Susque- 

•  In  collection  of  Mr.  (Jeorgo  Millor. 
H.  Ml..  114 36  c,  „..,C;oOgle 
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banna  are  chipped  and  pecked,  or  if  Buiooth  are  simply  water-vom  stODes 
that  have  beeu  sharpened.  The  fact  that  it  is  made  of  a  very  hard  and 
tough  rock  makes  it  all  the  more  difficnlt  to  understand  why  tbU 
celt  should  have  been  laboriously  mbbed  to  its  present  shape,  and 


(43)  Felaitio  rock,  gray;  Length,  5  ins. ;  width,  great«Bt,  2|  ins. ;  thicknewi, 
(44}  Slate,  browu:  Length,  4g  iucliw;  wiitth,  2|  inchea;  thickneu,  {  inch. 


(45)  Slate:  Leugth,  H  inchee;  width,  IJ  iuohe«;  thickiiees,  }  iui-b. 

(46)  Trap:  Leugth,  Sincbes;  width  1^  iuchea;  thivkocAB,  )  iuih. 

also  suggests  that  this  sx^cinien  may  have  been  used  to  dig  in  tie 
ground  and  that  the  stria;  ou  its  surface  may  have  resulted  from  some 

such  use.  D.c).t.zeabvGt1CWlc 
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^j^.— Tbe  axes  ns  u  rule  are  umall,  with  a  groove  ext4.'U(Uiig  arouad 
the  stone,  Jfost  i»f  those  that  come  from  the  Susquehaiiua,  near  the 
mouth  of  the  Codomti,  where  iiambers  are  foand,  have  one  angrooved 
Bide.    Fnlly  three  ont  of  every  four  are  thus  fashioned.     Moreover,  the 

AXKS.-|ir»lf-.i!;-.) 


(17)  Trai>:    I^ength,  5}  luobeH;  wi<llb,  lit  iurheH;  thinkueM,  1  Inch;  weiglit,  15  o: 


(18)  Trap;  Length,  7^  incbm;  wiiltU.  grcutest,  4  inobeB;  tbicknuw,  2  ioches. 
(IS)  Quartiilte:     Length,  SiiDclies;  wiUtL,3jiDH. ;  thickness,  lincb;  weight, 8 oz. 

groove  often  extends  obliquely  across  the  stone,  yet  I  have  not  seen  a 
"iiigle  iix  from  this  region  with  an  oblique  groove,  and  only  one  (in 
tlie  collection  of  Casper  Louksj  that  was  not  grooved  eutiicfly  around 
the  Btoue.  Now,  why  should  the  predoininating  tyitc  of  a  region  dis- 
tant only  about  teu  miles,  and  within  easy  access,  be  repre^iented  here 
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by  bat  a  single  speciment  The  most  plaasible  inference  is  that  the 
two  types  were  intended  for  different  purpoBes;  probably  tbe  axes 
&)and  here  were  carried  about  for  general  ose,  whilst  tbe  heavier 
ones  form  the  Snsqnehanna,  often  differently  grooved,  as  stated,  were 
designed  for  some  special  ase  as  boat-bnilding.  One  of  tbe  ases, 
weighing  only  one  pound  (Fig.  47),  has  two  parallel  grooves  extending 
entirely  around.  Of  course,  it  is  hard  to  assign  the  reason  for  two 
grooves  in  such  a  light  stone,  when  other  axes  weighing  mnch  more, 
as  Fig.  48,  are  provided  with  only  one.  Tiiis  ax  is  slightly  battered  at 
the  back,  and  has  alHo  a  small  piece  ont  of  one  end  of  the  moderately 
sharp  edge.  There  is  one  noticeable  ditference  between  the  edge  of 
this  specimen  and  that  of  Fig.  48.  Fig.  47  bears  transverse  striie  «n) 
its  smooth  sides  near  the  edge,  which  evidently  were  made  in  sharpen- 
ing it,  whilst  Fig.  48  is  marked  with  ratlier  coarse  longitudinal  striie. 
The  hitter  looks  very  much  as  though  it  had  been  used  as  an  agricnl- 
tural  implement  and  had  been  scratched  through  snch  use.  It  has  a 
blunt  edge,  and,  being  of  tough  and  hard  material  and  of  a  pointed 
shape,  would  have  made  a  good  digging  tool.  Fig.  49  is  made  of  quartz- 
ite.  It  is  well  wrought,  and  with  the  exception  of  a  slightly  brokeu 
back,  is  without  a  flaw.  We  were  not  able  to  collect  many  axes,  and 
vre  do  not  know  of  more  than  14  from  the  region  in  question.  Of  tliGse. 
tbe  illustrated  ones  are  the  best  specimens.  The  uumber  fouud  seems 
comparatively  large  when  the  circumstances  are  considered.  Axeis, 
being  conspicuous  objects,  are  amongst  the  first  specimens  picked  np. 
And  in  a  region  cultivated  for  more  than  a  hundred  years,  snch  as 
this,  it  is  quite  probable  that  many  of  them  were  found  and  carried 
uway.  Moieovet-,  it  is  the  custom  of  our  farmers  to  collect  the  atones 
from  the  fields  and  throw  them  into  low  and  waste  places.  Several 
of  the  axes  were  picked  up  in  the  public  road,  where  they  had  been 
thrown  into  mud  holes  along  with  other  stones  firom  the  fields.  Along 
the  Susqaehauua  it  is  not  an  unusual  thing  for  the  fishermen  to  use 
these  axc»,  on  account  of  their  couvenientgrooves,  as  sinkers  for  their 
tish  nets!  Of  course,  whenever  the  strings  with  which  they  are  tied 
break,  which  often  happens,  the  axes  will  be  left  amongst  the  water- 
worn  stones  at  the  bottom  of  the  river. 

Hammers. — Fig.  50  is  a  water-worn  utid  smooth  sandstone.  It  has 
beeu  slightly  roughened  on  ea<'h  side,  near  the  center,  by  pecking.  Tbe 
marginal  area  is  less  smooth  than  tbe  rest  of  the  surface,  having  been 
evidently  roughened,  but  not  battered  by  use.  Tbe  evidences  of  its  tise 
by  the  Indians,  whilst  unmist:ikable,  ai-e  very  slight,  and  show  that 
this  particular  stone  was  selected  because  it  naturally  possessed  the 
desired  shape.  No  doubt  other  worn  pebbles  were  used  as  picked  up 
by  tlie  Indians;  at  any  rate,  we  occasionally  And  a  spherical  stone  with 
a  battered  margin  that  looks  esa<dly  like  a  much-used  hammer,  only 
'here  are  no  pits  pecked  into  it. 
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Fig.  51  macloHe-gmiuedminilHtoiie,  und  w;isboth  liiiiDint'iitDilputiyli- 
iiig  Htone.  TLe  iimigiii  is  quite  rough  and  indented  t'niui  its  use  as  a 
Iiamnier — a  iise.  also  iiidiviited  by  the  presence;  of  ii  sUallow  pit  near  the 
ranter  of  one  side.  Aliimst  tb,e  entire  snrfatre  of  one  »idc,  the  one  shown 
in  the  illuHtratinii,  is  very  Kniootli.  It  bears  nnmistakable  evidence  of 
having  been  so  vom  alter  tbe  pit  liul  been  peeked.     The  stone  in 


-(Hftlf- 


(50)  Qunrtzit«:    LeiigtU,  41  idb.  ;  wiilth,  31  inx. ;  tbirkneu,  IfiQS. ;  vrcigbt,  Ij  lbs. 

(51)  (jiinruiii-:     Length,  3^  inn.;  tbiikneMi,  2  iiib.;  width,  3^  iiin.;  neii;bt,  l|lbB. 

(52)  S.-)D<UUine:     Length,  'H  iiiH. ;  wiiltb.  1)  inH.;  tbirkness,  H  ius.;  welgbt,  i  lb. 

heDii-Hi)hencal,  and  when  hehl  in  the  hntid  is  found  to  be  well  adapted 
for  ])olishing  pnriM>8es — a  use  also  likely  to  have  been  suggested  by  the 
grit  of  the  atone.  It  i.s  a  type  eommon  along  the  Susquehanna.  Very 
few  hammers  have  been  eolleeted  in  tbi.s  region. 

Fig.  52  is  a  water-worn  oval  pebble  somewhat  Imtteied  at  one  end. 
Very  rough  notches  have  been  pet^ked  into  the  opposite  sides  to  provide 
for  tlie  attachment  of  a  handle,  incident  to  some  subseqaent  use  of 
the  Htone.  it  wrh  iound  half  a  mile  from  the  Codorus,  near  a  spring, 
in  a  field  plentifully  strewn  witli  "chips."  Was  it  a  "pogga-moggon" 
stone  t 
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Pestles. — Even  fragments  of  postles  are  scarce.  1  know  of  only  one, 
Fig.  53,  tliathan  been  found  whole.  It  may  not  be  oiit  uf  place  to  Btat« 
here  the  origin  of  such  specimens,  as  given  by  one  not  accustomwl  te 
collect  relics.  A  very  smooth  and  cylindrical  section,  atmnt  two  inches 
long,  of  a  pestle  was  shown  to  a  farmer,  near  whose  house  it  had  been 
found.  He  immediately  pronounced  it  a  thunderbolt  ] 
PHSTl-iv.     (One-Hixth  »i™.) 


(Ii3)  Quartzite:  LcDgtli,  15  inrhen;  tbirkncAH,  2  tncheH. 

Pottery, — We  found  a  few  fragments  of  pottery  iu  lour  widely  separated 
localities.  In  two  of  these  localities  pieces  of  soapstoue,  parts  of  dishes, 
were  also  picked  up.  The  pieces  of  pottery,  made  out  of  clay  and 
broken  pebbles,  materials  eattily  obtained  here,  are  similar  to  pieces 
from  the  Susquehanna.  The  impressions  are  evidently  of  two  kinds, 
those  made  by  a  stylus  of  some  sort  in  the  hands  of  the  ancient  jKitter 
and  those  which  resulted  from  the  structural  irregularities  of  some 
receptacle  within  which  the  plastic  clay  was  first  shaped. 
porraRY,  HOAPSTONR  DISH.    (Httlf-Nze) 


(54)  FottoirFragmpiits:  Thiekneu,  i^^  jticli. 

(55)  Pothry  Frngment:  Tliirkness,  i  iDch. 

(56)  Pott*ry  Pragiiipnt:  TliicknesH.  J  incli. 

(57)  SiiapetnnR  Disb;  TLk-kneAS,  I  inch. 

Soapstone  dishes  — Fragments  of  soapstone  dishes  were  collected  in 
four  or  five  separate  localities.  The  "ear"  piece  illustrated  is  one  of 
eight  pieces  found  near  together  and  evidently  all  parts  of  the  same 
vessel.  The  largest  of  these  fragments  is  six  iuches  long  and  eight 
inches  wide.  The  dish  originally  must  have  been  a  foot  in  length  and 
nearly  as  broad,  vith  a  depth  of  five  or  six  inches.    Soapstone  is  not 
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foand  IK  situ  in  this  locality,  but  it  occurs  plentifally  iu  tbe  adjacent 
couuty  of  Harford,  iu  the  State  of  Marylau<1. 

Implements  of  unktioicn  uscg. — fig.  59  has  been  broken  so  that  its 
original  form  is  a  matter  of  coujectare.  However,  it  la  80  strikingly 
like  another  Btrange  specimen  (Fig.  58)  from  the  Susquehanna,  which 
is  entire,  that  we  have  no  hesitancy  iu  concluding  that  both  were 
designed  foi  the  same  parpose.  Both  are  made  out  of  chlorite,  and  are 
not  in  the  least  battered.  They  could  not  have  been  used  as  weapons 
or  as  agricultural  implements,  since  the  stone  i«  very  brittle  and  is 
moreover  so  soft  as  to  be  easily  scratched  with  the  tlnger-nail.  These 
are  the  only  specimens  of  this  shape,  or  of  chlorite,  that  I  have  ever 
seen  from  this  or  adjacent  localities.  We  think  they  were  probably 
used  as  ceremonial  implemeiitH. 

IMPLBMKNTS    OF    fKKSOWN    USES. — <Half.Si»6.) 


Figs.  60,  CI,  62,  and  63,  are  pieces  of  slate.  The  holes  in  all 
of  them  were,  apparently,  made  with  stone  drills,  since  they  are  irreg- 
ularly grooved  and  taper  towards  the  center  of  the  stone  from  both 
aiiles.  These  pieces  are  so  fragmentary  as  to  prevent  any  attempt  at 
restoration.  No.  60  is  worn  quite  smooth,  with  rounded  edges,  and  has 
a  slight  polished  depression  extending  a  short  distance  from  the  inner 
margin  of  each  hole  along  tbe  snrface  of  the  stone.  This  polished 
gnrface  was  doubtless  produced  by  a  cord  passing  through  both 
holes,  ibsm  which  the  slate  was  suspended.  The  holes  in  Fig.  01  are 
poUshed,  the  resnlt  of  friction. 

Figs.  61  and  do  are  both  well  wrought  implements.  From  the  care 
with  which  they  have  been  finished  they  were  evidently  designed  for 
some  special  use.  They  are  the  only  specimens  of  the  hind  that  we 
know  of  from  this  lo(^ality.     They  might  have  been  used  as  teeth  in 
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war-clubs,  Imt  wlu'tlier  tbcy  were  so  u8e<l  or  not  is  of  coarse  mere 
s{>ec'iilatiou.  Among  our  iiuplements  of  uiikiiowQ  uses,  perbaps  the 
most  ioterestiog  and  valuiible  one  is  Fig.  66.  80  far  as  I  have  beea 
able  to  ascertain,  it  is  tlie  only  one  that  has  thus  far  been  tbund.  It 
is  a  triangular  prism  of  slate,  with  sides  three  fourths  of  an  inch  wide, 


(Half-Hize.) 


(«)>  siate.bkck:     Wi<ltli.  2f  iurlifs:  tbk 
iSn  Slaii-,  l.rown;    Tbirkntsa,  i  inch, 
(lil'i  Slate:    T]ik'kiii-s«.  ,!„  inch. 
<«3)  SIat«:     (Snlitl. 


t> 


(61)  b^lailii- riH-k :  l^u|:1h.  2|  iiicb^;  wiiltb.  )Cfealv«t.  U  incfae«:  tbiekncu,  linrli. 
<«■)  »lHitii'nH'k:  l.ni^-tb.Si  iiirb^s:  wiilib.  tnr«at*«l.  U  inchm:  Ibirknns.liDrh. 

origiiiiiUy  itlHtut  5  iuclies  lon<:,  and  having  at  ea4'h  end  tiro  boles  that 
meet.  The  om'  boh-  is  Ixn-ed  with  a  slant  of  about  45  degret^  (aef 
sei'tinn  «*  from  uear  the  oml  of  one  sidi-  till  its  jmietion  with  a  bole 
honsl  CWmt  the  end  lA'  tlic  prism.  Tlie  other  end  of  tbe  spefimen, 
tluHiifh  unnh  bnikin,  wns  evidently  fashioned  in  the  same  way.  Tlie 
holes  art'  fiinuel  shutMHl  am)  are  such  as  wnuld  be  produced  by  a  stone 
~  ^  sides  of  the  juisui  bear  i^yoinietrical  scratches,  evideotly 
I  Bigniti(-:in«v.  now  in  [>;irt  derat-ed  by  wear  and  in  part  bj 
^  of  the  stone  for  whetting  piiriH>s«s. 
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Fig.  67  is  a  goeissoid  rock,  very  rndelyHiiked  and  somewhat  pecked. 
It  is  hard  to  conjecture  to  what  use  it  may  havft  been  put,  though 
there  is  no  qaestiou  about  its  having  been  worked  into  its  present 
shape.  Fig.  68  is  made  of  green  slate.  It  is  either  an  nufiniehed 
implement,  or  if  complet«d,  a  very  rudely  &shioned  one.  The  fact 
that  it  ia  made  of  slate,  as  well  as  its  shape,  incline  ns  to  call  it  a 
banner  stone. 


Stone  Wttrier's  Chips. — Flakes  of  felsite  rock,  of  jasper,  aud  of  agate, 
are  found  well  distributed  aloug  the  Oudorns  ajid  its  tributary  runs. 
The  fact  that  the  rocks  of  whit^h  these  flake»  are  pieces  are  not  natu- 
rally found  here  is  very  ftiguiflcant.  The  presence  of  these  "chips" 
jiTOves  that  implements  weic  here  wrought  out  of  the  rough  stone  into 
desirable  shapes.  But  these  minerals,  felsite  rock,  jasper,  and  agate, 
are  not  found  jm  nilu  in  this  region.  The  fel8it«  rock  occurs  fully  thirty 
miles  distant,  in  the  South  Mountain.  Where  the  agate  and  jasper 
vpve  hi'uught  from  has  not  been  determined.  Occasioually  flakes  of 
white  quartz  cover  a  small  area  in  a  Held  coutaining  in  another  part  a 
spot  rich  in  flakes  of  fclsitic  rock.  The  presenco  of  such  spots  seems 
to  indicate  that  each  ancient  stone- worker  confined  his  labors  to  chip- 
ping a  particular  mineral. 

Condwtion. — Just  what  conclusions  as  to  the  Indian  occupation  of 
tiiiB  part  of  York  county  can  safely  be  drawn  from  the  number  and 
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variety  of  specimens  found  is  nnt  so  easily  deteniiined.  One  thiog  k 
certniii,  that  as  the  result  of  persistent  search,  almost  a  couiitlete 
"series"  of  relics  bas  been  collected.  Though  the  author  foand  nearly 
all  the  objects  here  illustrated  and  described,  yet  any  one  else,  had  he 
as  thoroughly  and  persistently  searched  the  same  region,  would  hare 
been  equally  successful.  This  is  proved  by  the  t^t  that  several  others 
(Casi>er  Loncks,  George  Miller,  and  John  J.  Frick)  interested  in  the 
subject  have  found  specimens  in  the  same  territory.  The  discoveries 
here  made  lead  us  to  infer  that  other  places,  in  the  eastern  portion  of 
the  United  States,  now  thickly  settled,  would  be  just  as  productive 
of  specimens.  We  do  not  believe  that  this  region  is  more  favorable 
to  the  production  of  relics  than  other  localities  similar  in  natural 
features.  Attention  is  called  to  a  few  difficulties  that  beset  the  care- 
ful searcher.  Fields  that  now  yield  few  relics  may  have  them  deeper 
down.  The  building  of  dams  has  materially  changed  our  streams. 
Places  that  once  were  high  and  dry  ou  the  bank  are  now  covered  by 
every  freshet.  As  a  consequence,  the  sediment  has  accumulated,  and 
the  relics  have  been  buried  beyond  the  reach  of  the  plow.  Occasionally 
a  field  is  washed  bare  of  all  the  loose  soil.  In  that  event,  yon  can  not 
reasonably  conclude  that  the  number  and  varietj'  of  specimens  found 
there  indicate  a  more  dense  settlemeut  than  elsewhere.  Taking  these 
and  other  circumstitnces  into  consideration,  in  connection  with  the 
relics  found,  the  author  believes  that  this  region  was  oftener  ft«quented, 
and  longer  occupied,  by  larger  bauds  of  Indians  than  the  historian 
leads  us  to  infer.  This  place  may  have  been  the  site  of  a  well  estah- 
lishe«l  settlement ;  a  settlement  in  which  much  the  same  primitive  occu- 
pations were  engaged  in  as  characterized  well-known  and  more  ext«ii- 
sive  settlements  along  the  Snsquehanna.  If  this  region  is  an  average 
sample  of  supposed  "barren"  landi^,  may  vre  not  ronclnde  that  America 
wha  more  thickly  settled,  or  longer  inhabited  (perhaps  both),  by  the 
Indian  than  is  generally  supposed  f 
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By  Hl'SSELL  .1.  Thomi'son. 


Tbese  moundR,  three  in  imniber,  an',  or  were,  located  abotit  4  miles 
east  uf  Tiflin  (XE.  ^  of  sec ti on  4,  tn\viiKlii|>  1  north,  range  15  eivst, 
Etien  Township,  Seneca  ('niinty,  Ohio,  an<1  on  tlie  west  side  of  the 
Morrison  State  roa<i  where  it  crosses  Hock  Creek),     (Mai),  ^ig.  1.) 

CoDcerninc  their  origin,  the  Mohawk  *  Indians  then  inhabiting  that 
sei-tion  could  give  tlie  settlers  no  information.  The  Indians  had  no 
theory  or  tradition  aceonnting  tor  the  presence  of  the  landmarks, 
l^rge  forest  trees  covered  these  monuments  then,  and  among  them 
were  cherrj-  trees  '2i)  inches  in  dianiet^-r.  Before  the  cultivation  of  the 
Boil  after  the  remitval  of  the  foi-ejst  had 
altered  the  proi>ortions  of  the  monnds, 
they  were  w<'U  ronnded,  and  the  largest 
nns  perhaps  6  feet  or  more  in  height  and 
sbout  40  feet  in  diameter.  Two,  the 
largest  and  the  smallest,  were  near  each 
other  on  the  south  side  of  the  stream. 
(See  map.)  The  former  was  slightly 
lews  than  an  eighth  of  a  mih-  from  the  . 
bank,  and  tlie  smaller  one  about  half 
that  distance.  The  third  was  on  the  other  aide,  about  as  far  iia  the  lat- 
ter from  the  creek  and  a  tliird  <tf  a  mile  from  the  largest.  It  was  but  a 
short  way  beyond  the  cnlmination  of  a  gentle  rise  of  alioat2.>fect  above 
Ihi'cieek  valley.  The  hanks  on  the  south  side  were  rather  steep  and  30 
to  -10  feet  high,  'flie  large  mound  was  lowiteil  on  the  ronnded  border 
of  an  elongate<l  depression  tributary  to  the  creek. 

Tlie  mound  (m  the  north  side  of  the  eieek  was  crossed  by  the  fence 
dividing  the  road  from  »  modern  graveyard,  and  when  a  grading  was 
made,  not  long  prior  to  18S(J,  for  the  e^)nvenienee  of  standing  teams 
driven  to  the  elinrch,  human  remains  were  uneartlied  on  the  roadside 
ofthefem-e,  Tlie  other  half  probably  still  remains  intact. 
Ill  ]88*>,  the  ground  over  the  site  of  the  smallest  mound  was  on  a 
!  ijoi-th  mil]  tLe  Wyamlots  lliat  tii  tbe 
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level  witli  tlie  general  surface.  It  was  teutatively  escavated  by  one 
wbo  had  seen  it  before  being  plowed  down  and  a  small  excavatimi, 
made  in  search  of  the  charcoal  and  ashes,  whose  presence  would  con 
firm  the  hypothesis  of  position,  discnvere^l  human  reinainH.  Thesr 
however  had  been  once  exhumed  and  were  reiuterred  in  a  confused 
heap.  They  were  preserved  by  the  writer,  but  iio  further  search  was 
made  then.  It  was  at  the  ktrgest  of  the  mounds,  and  the  one  least  dis- 
turbed, that  the  systematic,  though  partial  exploration  was  nnder- 
takeu.  This  was  in  the  summer  of  1386,  and  then  the  mound  was 
hardly,  if  any,  more  than  4  feet  above  the  general  sarface,  and  60  fet-i 
in  diameter.  (Fig.  2.)  Hurried  excavations  brought  to  light  tlie 
charcoal  and  ashes,  clean  shells,  broken  bones  of  animals,  and  brokeo 
pieces  of  primitive  dark  pottery.  Another  unorderly  opening  resulted 
in  the  discovery  of  the  two  smaller  hnman  skeletons,  but  they  were 
not  secnred  entire.  The  sknll  of  one  of  these  "individuals"  probably 
remains  in  the  mound.* 


Fia.  2.— View  of  lorjreat  mound.  lookiDg  soathnrd. 

Human  remains  were  found  in  all  of  these.  The  largest  mound  cod- 
tallied  three  skeletons  (Fig.  3)  that  were  uncoverei],  and  a  complete 
excavation  might  be  expecteil  to  reveal  more. 

Feasting  accompanies]  the  interment.    Fires  were  built  onthenu- 
completed  fnueral  pile,  with  which  meats  were  cooked.     Good  eiwd 
jKittery  vessels  were  brought  to  the  grave,  probably  for  use  in  the 
feasting,  and  nt  least  some  of  them  were  either  accidentally  or  inten- 
tionally   demolisheil   and    the  fragments   scattered   with    the    aslies 
and  (^bnrcoal  ami  bn)ken  bones  of  animals  over  the  halfbuilt  monud. 
The  fires  were  probably  burning  during  the  burial.    The  feafters  en- 
joye<l  the  meat  of  the  deer,  beaver,  raccoon,  squirrel,  hare  (X),  turtle, 
as  a  much  relished  portion  of  tli*" 
the  marrow  was  uncoverwl.    The 
nplish  this  breaking  may  accwi"' 
estone  Iwwhlers  a  few  feet  ajMirt 

imputanil  Bonu'timrB  irn-pHTablc  'l'"- 
eniiip  of  moimda.  A  mound  one'  li"- 
M  to  the  life  history  nf  iM  consWurWK 
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among  thu  aabes  aud  othei  Mtoaes  of  the  size  of  u  list  in  great  Hbiiii- 
dance. 

A  foot  or  two  of  eartli  was  spread  over  all  tbiit  eliaruoal  and  ash 
layer.  The  Hoil  of  the  atmctiire  was  ev«n,  light,  and  easily  worked. 
The  hard  iiiiiiiolestetl  clay  wsis  4  feet  or  so  below  the  t«p,  as  the 
Dionud  existed  after  the  field  had  been  under  modern  cultivation.  A 
slight  excavation  was  made  in  this  hard  soil  U>  receive  the  reoiaius. 


AlHHit  Wl  tori  III  iliuitii'liT.  4t  in  hOKlil. 

"Hie  heads  were  laid  to  the  iiortbetist  and  the  bodies  Hat  and  atraight 
on  their  backs,  at  least  so  with  the  largest  and  what  may  be  called  tlic 
principal  ttkeleton.  This  l»ody  lay  furthest  to  the  northwest  and  a 
few  steps  from  the  center.  Nothing  whatever  of  a  durable  nature  in- 
ilosed  the  remains.  A  few  pieces  of  charcoal  were  found  under  the 
Iwnes  of  the  principal  corpse.  Tbese,  an  elegiint  pipe  (Fig.  4),  and  a 
few  canine  jaw  fragments  and  fragmeutH  of  the  jaws  of  some  small 
larnivorous  animal,  weie  the  only  olyects  found  with  the  skeleton.  A 
bone  turkey  call,  ^  inches  long,  aud  artificially  grooved  on  both  .'sides 
at  the  end,  was  found  on  tbe  ground  about  one  of  the  skeletons.  The 
.iaw  fragments  were  laying  beside  the  right  shoulder;  the  pipe  was  on 
'he same  side  next  to  the  neck  veitebrie.  The  condition  of  the  bonest 
"f  the  principal  individnal  gave  no  evidence  of  violcncf^  having  been 
inflicted  npon  his  body. 

At  the  time  of  tbe  excavations,  the  cban^ial  layer  was  met  fmm  a 
■wt  or  two  feet  beneath  the  surface.    The  fiagnients  of  auiitinl  bones 
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ami  pottery  were  sciittered  pi-oiuiscuously,  witti  llie  asbes  and  char- 
coal patches,  tlirougli  a  vertical  range  of  more  thaa  a  foot.  The  lime- 
stoue  bonlderH  «-i>re  about  C  iaclics  in  cliaiueter,  and  lay  ^dth  a  rude 
uniformity  a  few  feet  apart  tliroughout  the  layer.  The  underlying 
rock  of  the  tjevtinu  is  limestone  (romstone),  the  boundary  between  the 
out«rop  of  this  and  the  water  line  is  near,  and  the  soutbwestward 
moving  glaciers  have  ina^lu  this  element  strong  in  the  drift  productsof 
the  country. 
In  the  chaniiial  layer  tlie  mo^t  iimnurons  bones  were  those  of  the 

"  deer.     A  good  number  of  only  i)artially 

broken  lower  jaws  were  tbnud,  and  a  few 

decayed  horn    fragments.     Several   speci 

/^       \        \        mens  of  fiivgmentary  beaver  skulls,  retain- 

f  I         I       ing  the  teeth,  and  a  few  raccfwn  jaws,  are 

\  J        j       in  the  collection,  but  someoftbeciam  shells 

^— -^"^         /        were  not  broken;  these  showed  the  effect  of 


A 


Making  exception  of  the  two  small  iwt- 
teryinpes  unearthed  from  the  charcoal  layiT, 
nil  entire  specimens  of  (lottery  Avere  discov- 
ered. The  lottery  was  rnde,  blackish,  luid 
gritty.  Minute  tieldspar  crystals  foniiol 
jiiirt  of  the  material.  The  surfaces  wcii' 
I'ougheued  by  per|tendieular  strialiouswhirli 
could  be  imagined  to  have  been  impi'csMMl 
by  bark,  lly  projecting  the  curve  of  ouc  "1 
the  rim  I'ragiiients,  the  oi>eiiing  of  the  jar  ol' 
which  it  wa.-i  once  a  part,  was  found  to  have 
been  8  inches  in  diameter.  A  dark  hluisli 
or  greenish  slate,  hard,  tough,  anil  fine, mus 
the  material  of  which  the  large  ])i[>e,  bariol 
with  the  largest  skeleton,  was  umdc(l''ig.  i]- 
It  is  the  same  stone  as  that  fram  wbiili 
most  of  the  fine  mound  ornaments  wore  cut. 
Erosion  revealed  a  kind  of  enamel,  jierbai).* 
due  to  chemical  action  ou  the  surface'.  The 
erosjou  occurred  where  the  stone  ha<l  Im«ii 
8tained,presnmably  by  theachlsof  thedertd 
body.  The  lluish  was  e.vcellent.  Tliefimri 
might  suggest  that  the  nniker  had  intended 
the  reli<-  for  a  phallic  emblem.  Tlic  pipt*  i^ 
3^  imrhcs  in  length.  Little  ditt'ei-ence  in  si»' 
between  the  individual  interred  in  the  "  l«v 
elle*l  mound  "  and  the  principal  inide  buried  in  the  large  mound.  «n-i 
shown  by  the  i-emain.'*.  The  Inuics  of  the  two  skeletons  to  the  ?«""'■ 
east  of  the  latter  were  perceptibly  lighter. 
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Tbese  bones  were  found  in  the  i-euter  and  a  little  mure  tbau  4  feet 
below  the  top.  Not>  satisfied  with  this  method  of  proceeding,  the 
ffriter  himself  soon  alter  apeiit  three  days  in  the  field.  A  narrow 
treuch  was  made  to  approach  the  moiuid  until  the  charcoal  was  reached, 
aud  then  with  a  width  of  3  feet  was  extended  to  the  center  (Fig,  3). 
A^r  the  earth  had  been  carefully  removed  from  over  the  body,  an 
entire  afternoon  was  occupied  in  picking  out  the  bones.  Their  condition 
was  such  that  even  then  a  number  were  broken.  Tlie  occiput  fell 
apart  when  the  skull  was  lifted.  The  .lines  of  fracture  Indicated  a 
leceut  breaking. 
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By  Col.  Wm.  S.  Beackett. 


[f  yoa  look  ou  aiiuost  »uy  large  inaii  of  Montaua  aud  Wyoming  ynn 
vill  nott^  the  source  of  tbe  Yellowstone  River  nenr  »  moutitain  marked 
on  the  map  oh  "Youtli's  Peak,"  and  lying  ubout  Sfl  miles  soutlieaat  of 
the  Yellowstone  NatioQal  Park.  The  river  flows  fi-oni  an  immense 
Hijow-field  on  this  mountain,  lu  a  northwesterly  direction,  and  empties 
into  Yellowstone  Lake,  which  lies  wholly  within  the  park;  then  it 
tlovs  out  of  the  lake  at  the  lower  or  northern  end  and  leaping  down- 
ward a  sheer  depth  of  360  feet,  over  the  Great  Falls  of  the  river,  it 
mHhea  still  northward  for  a  hundred  miles — one  of  the  most  beautiftil 
streams  of  the  Rocky  Mimii  tains.  The  real  name  of  the  mountain  where 
tbe  Yellowstone  rises  is  Yount's  Peak,  so  called  alter  a  trapi>er  who 
lived  tor  a  long  time  along  the  banks  of  the  river  in  the  early  days  of 
Montana's  settlement.  IVihaps  the  fine  new  majiN  of  this  region  now 
being  made  by  the  I'nited  States  Geological  Survey  will  not  rob 
Youut's  Peak  of  its  true  name. 

About  25  miles  north  of  the  park  is  a  widening  of  the  valley  of  the 
Yellowstone,  where  there  an*  a  number  of  line  ranches,  and  on  one  ot 
them,  opposite  Emigrant  Peak,  where  1  am  writing,  there  are  interest- 
ing remains  left  by  the  Indians  who  lived  and  hunted  in  this  now  fertile 
valley  as  late  as  the  year  187li. 

Just  ab<)ve  our  ranch  house  is  a  mesa,  or  tableland,  from  whoso  flat 
top  can  be  seen  the  gnwi  ttelds  under  irrigiition  along  tbe  river,  aud 
the  lofty  mountains  hemming  in  tbe  valley  on  every  side.  Only  ten 
years  ago  there  were  no  cultivated  fields  in  this  valley,  and  the  elks 
and  buffaloes  found  here  tlieii-  favorite  feeiling  ground.  Tbe  plain  on 
this  mesa  is  almost  rccbuigiilar  in  shape,  and  at  the  corner,  overliHik- 
iiig  the  whole  region,  are  stono  structures  that  we  liave  named  the 
"Indian  Forts."  We  do  not  know  whether  the  Indians,  wboundoubtedly 
built  them,  nsed  them  as  forts  for  defending  their  village  or  cam])  up 
oil  the  mesa,  or  whether  tln'y  were  used  as  wat<'ht<»wer8  for  their  sen- 
tinels. Sometimes  we  think  the  Indian  hunters  use4l  them  to  creep 
into  and  to  spy  out  the  large  game  fcotUng  among  the  hills  and  in  the 
Valley  below. 
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These  forts  are  seiuicircalar  id  form,  and  are  built  of  selected  aqnare 
stones,  piled  up  in  a  parapet  or  breastwork  about  four  feet  in  Iieiglit, 
Tliey  are  oj>en  on  tUe  inner  side  of  tlie  plateau,  and  liavc  space  for  two 
or  three  men  to  lie  concealed  and  protected  within.  The  forts  must 
have  been  bniit  many  years  ago  because  the  stones  are  now  pretty  well 
covered  with  moss  and  lichens,  and  these  do  not  grow  as  rapidly  in 
this  dry  climate  as  in  the  Eastern  States.  No  one  ia  permitted  to  dis- 
turb these  monuments  of  a  nv.K  now  almost  departed,  uid  I  hope  that 
some  {^aruful  student  of  American  archseology  may  hereafter  explore 
this  region  and  explain  the  ancient  use  of  these  so-called  "Indiau 
Forts." 


Tig.  1.— Tba  iBdiu  Turta,  Park  Cuiiut}-.  HouUdb. 

Just  lielow  one  of  the  forts  aud  at  the  bottom  of  the  clifT  I  found,  last 
summer,  a  buffalo  skull  and  horns,  over-grown  and  almost  coDce:tled  by 
a  wild  rosebush.  Perhaps  the  bitffahi  was  shot  by  an  Indian  lying  iit 
the  tort  above.  This  made  mc  think  the  forts  might  have  been  nsed 
for  watching  large  ganu-.  Bnt  when  you  are  u|i  on  the  mesa  yon  can 
easily  see  how  well  ada|»ted  the  i)hice  is  t^>  prevent  surprise  and  for 
military  defense.  The  sides  are  periwndicular  precipices  of  volcaiiif 
rock.  At  only  one  place  eau  you  go  up  on  horseback;  there  are  only 
two  or  tlii-ee  places  where  you  can  climb  up  on  foot.  On  the  level  top 
atliousand  men  could  be  placed  tn  camp.  The  forts  may  have  hceo 
used,  like  watchtowers  on  the  comers  of  a  feudal  castle,  by  the  wild 
chivalry  once  inhabiting  these  mountaiu.s. 

About  half  a  mile  from  this  mesa  is  a  little  sheltered  valley,  back  in 
the  foothills,  wheio  the  Indians  used  to  imss  the  winter  one  of  the 
pioneers  of  this  region  tells  me.  The  place  is  sheltered  from  the  wimis 
and  the  snow  seldom  drifts  there.  In  a  level  sitot  in  this  valley  are 
^smooth  dat  stones  laid  on  the  ground,  each  circle  being 
I  diameter.  Washed  by  the  rains  of  many  seasons, 
^ow  partly  imbedded  in  the  ground.  We  do  not  know 
B  of  these  water-worn  ix>cks  laid  so  regularly  iu  i-ii- 
Neighbors,  aa  "old  timer"  in  iUoutuua,  tells  us  the 
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Indians  dhwI  them  in  winter  to  Uy  around  the  bottom  or  lower  edge  of 
their  tepees  to  kef  i>  out  the  cold.  Most  Indian  tepees  ai-e  iiunical  in 
sbapeand  circalar  at  the  bottom,  with  a  hole  at  tlie  top  where  the  poles 
meet  Ibr  the  eacnpe  of  smoke  from  the  flre  built  in  the  center  of  the 
strnctnre.  In  the  old  days,  when  the  bulfalo  and  other  large  game 
were  plenty,  the  Indians  made  their  tepeen  of  amoke-taaued  bide--!. 
Now  the  buQlhloes  are  entirely  gone,  and  other  large  game  is  so  scarce 
on  the  Indian  reservations  that  the  te|tees  are  covered  with  cloth,  gen- 
erally thin  white  calico.  The  Indiana  have  but  few  skins  left  and  their 
calico  tepees  are  very  cold  in  winter. 


Fig,  3.— TepeB  tings,  Pkrk  Cnixot;,  MoiitiDs. 

The  most  interesting  of  the  Indinu  remains  on  our  ranch  is  at  Buf- 
falo Blnil',  where  there  ia  a  remarkable  game  drive.  Under  the  cliH', 
which  is  about  40  feet  high,  the  ground  Is  white  with  the  splintereil 
bones  of  large  game  animiilN  that  have  been  driven  over  the  precipice — 
buffaloes,  elks,  and  deer.  Above  is  a  level  plain  stretching  back  for 
several  mileH  into  the  foothills.  The  clilT  is  only  about  a  hundred 
yards  wide  at  the  steep  part  where  the  game  was  driven  over.  How 
did  they  manage  to  make  wild  animals  run  to  this  narrow  cliff  and 
leap  overt  Yon  can  see  at  once  how  this  was  accomplished  when  you 
climb  to  the  plain  above.  There  can  be  mwn  two  loug  lines,  composed 
of  pileN  of  stones,  stretching  out  on  the  plains,  each  line  about  half  a 
mile  long  and  diverging  from  the  edge  of  the  cliff  like  the  two  arms 
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of  tin  open  fau.  Tlio  jiiles  of  stoncn  aie  about  10  feet  apart  aiid  eauh 
stoiio  Leiip  is  2  or  3  feet  iii  height.  When  tlio  Indians  l»8t  nsed 
this  game  drive,  whieti  was  about  fifteen  yeiirH  ago,  tLey  set  np  wooden 
stakes  about  4  feet  long  in  each  stone  pile.  From  stake  to  stake 
were  stretched  Hues  of  stout  buckskin  coni,  like  wires  on  a  barbed 


fi-oni  these  (ihtIs  w^re  hung  at  short  intervals  feathers, 

cloth,  aud  scraps  of  white  buckskin,  flntteriug  in  the 

this  fence  could  be  easily  broken  through,  but  the 

:ihva\-s  tnriied    back   from    the   fluttering  rags, 

iject.-i  hanbig  fmm  the  long  lines  of  corda. 
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A  heard  of  batfalvs  or  deer  W!i«  caitifiilly  surrounded  by  the  Indian 
banters,  and  then  gradually  driven  toward  tlie  opening  of  the  drive, 
which  was  over  half  a  mile  wide.  Once  within  theae  lines,  the  hnnt- 
er»  drove  the  henl  toward  the  bluff,  waving  their  blankets  aw  they  rode 
forward.  The  terror-stricken  animals  ruHhed  toward  the  precipice, 
keeping  away  and  turning  back  in  fright  from  the  lines  of  "fence," 
which  gradually  converged  toward  the  cliff.  At  last,  in  a  wild  stam- 
pede, the  flrantic  animals  were  driven  over  the  edge  of  the  precipice, 
where  those  vho  were  not  killed  outright  were  dispatt^hed  by  another 
party  of  hunters  below.  Only  spears  and  arrows  were  used  below  the 
cliff,  because  the  noise  of  firearms  would  frighten  back  the  animals 
approaching  the  edge  of  the  bluff.  Among  the  mass  of  cmmbling 
white  bones  beneath  this  Buffalo  Bluff  (as  it  is  Ciilled  here),  where  so 
many  wild  animals  have  been  slaughtered,  you  can  t«i-day  occasion- 
ally fiud  spear  and  arrow  heads,  beautifully  formed  of  shining  black 
obsidian,  or  volcanic  glass,  the  material  being  found  in  large  quanti- 
ties on  the  great  plateau  of  the  Yetlowstoue  National  Park. 
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By  Lkvi   L.  (Jonakt,  I'll.  I> 


Among  the  speculative  questions  wliHrli  uiis<s  in  (loititection  witb  the 
study  of  inathematicH  from  a  bintorii;al  Ntan»lfioint  tlie  origin  of  luiin- 
ber  is  one  that  has  provoked  much  discuasioii  and  haH  led  to  e?cteuRive 
research  among  the  primitive  and  savage  langnagesof  the  human  race. 
A  few  simple  considerationa  will  however  «how  that  such  research 
must  necessarily  leave  the  question  entirely  unsettled,  and  will  indi- 
cate that  it  is,  from  the  very  nature  of  things,  a  que<ition  tfl  which  no 
definite,  or  at  least  no  tinal,  answer  can  lie  given. 

Among  the  barbarous  tribes  whose  languages  have  been  Htudied, 
«ven  iu  a  most  cursory  and  imperfect  way,  none  have  ever  been  dis- 
covered which  did  not  possess  one  or  more  words  indicating  fumiliarity 
with  the  number  concept.  Some  tribes  have  been  found  in  which 
knowledge  of  number  was  so  sliglit  that  the  statement  has  been  made 
that  their  language  contained  no  numerals.  The  Chiquitas,  of  South 
America,  for  example,  have  no  word  even  which  we  can  accept  as  a 
distinct  substitute  for  "one."  That  numeral  they  express  by  a  wonl 
meaning  nearly  the  asime  as  "alone."  Here  the  numlier  seusc  appears 
at  its  lowest  ebb,  but  still  it  does  exist;  and  going  lower  yet,  one 
would  be  rash,  indeed,  if  he  were  to  assert  that  the  higher  animals 
can  not  distinguish  between  land  2.  Not  a  few  tribes  have  been 
found  who  could  not  count  beyond  two;  more  yet  with  3,  4,  or  5  as 
their  number  limit,  while  10  marks  the  boundary  of  the  numeral  sys- 
tems of  a  very  great  number  of  the  primitive  raies  of  the  world.  The 
assertion  would  seem  then  to  Ije  a  safe  one  tliat  the  number  sense  is 
never  wholly  lacking.  It  is  evident  also  that  numerals  must  be  among 
the  earliest  words  to  be  formed  in  any  language.  They  express  ideas 
which  are  wholly  concrete,  which  precede  human  intelligence,  and 
which  are  in  many  ways  manifested  by  the  higher  orders  of  the  brute 
creation.  Tlie  origin  of  number  therefore  must  be  conceded  to  lie 
beyond  the  proper  limit  of  inquiry,  and  the  primitive  conception  of 
niiml>er  to  be  fundamental  with  human  thought. 

Historical  investigation  must  begin  not  with  number  itself,  but  with 
modesof  expression  of  number.  Here,  in  precisely  the  same  manner 
ail  in  the  expression  of  all  forms  of  thouglit,  desire,  and  emotion,  tlie 
sign  language  preceded  words.     We  are  all  familiar  witb  the  manner 
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ill  W'liicli  ji  diild  wbeu  1e;tniiiig  to  <Hiunt  makes  iise  of  liis  tiiigertt. 
CliilUreu  liave  for  ages  doue  the  same;  and  tlie  cltildren  of  tlie  lianiau 
i-at-r,  the  savages  of  pre-liistoric  times,  unquestionably  coonted  on  their 
ten  digits  just  as  the  African,  the  Eskimo,  and  the  South  Sea  Isl- 
ander do  to-day.  So  universal  has  the  finger  method  of  countin;: 
always  been  that  many  iiiveRttgators,  prominent  amoDg  whom  is 
Orimm,  liave  laid  it  down  as  an  axiom  that  all  uumersi  words  arise 
from  names  of  the  fingers  of  the  hands.  Sitvage  races  employ,  as 
might  be  expected,  a  great  variety  of  methods  of  recording  their  count- 
ing— as  splints,  pebbles,  shells,  kernels  of  grain,  knots,  etc.  Then 
come  simple  scratches,  notches  cut  in  a  stick,  Kobinsou  Crusoe  fash- 
ion, and  other  similar  devices.  Bnt  back  of  all  these,  and  forming  a 
common  origin  to  which  all  may  be  referred,  is  the  universal  finger 
method  of  counting,  -the  method  with  which  all  begin,  the  method 
which  is  too  convenient  to  be  entirely  relinquished,  even  by  civilized 

This  universal  recourse  to  the  fingers  often  resalted,  as  might  be  ex- 
pected, in  the  development  of  a  more  or  less  extended  pantomime 
number  system  in  which  the  fingers  were  used  in  much  the  same  way 
as  in  the  deaf  and  dumb  alphabet,  though  the  signs  actually  employed 
were  very  different  from  those  employed  by  mutes.  A  system  of  this 
kind  was  much  in  vogue  among  the  ancients,  by  means  of  which  any 
number  up  to  10,000  could  be  expressed :  units  and  tens  by  inflections 
of  the  fingers  of  the  left  hand,  hundreds  by  similar  inflections  of  the 
fingers  of  tbe  right  hand,  and  thousands  by  a  repetition  on  the  left 
hand  of  the  signs  used  to  denote  units  and  tens.  The  Chinese  still 
employ  a  finger  method  of  exjiressing  numbers  less  than  100,000,  and 
among  nearly  all  Eastern  peoples  a  digital  arithmetic  of  one  sort  or 
another  is  to  be  found.  Of  so  common  use  is  this  sign  language  that 
traders  are  said  to  communicate  to  each  other  the  price  at  which  they 
are  willing  to  buy  or  sell,  and  at  the  saTue  time  to  conceal  their  oflere 
fl?om  bystanders,  by  putting  their  hands  under  each  other's  cloaks  and 
touching  each  other's  fingers, 

Recent  anthropological  research  has  developed  many  intorestiug 
facts  respecting  the  limits  to  which  the  number  systems  of  the  various 
uncivilized  races  of  the  world  extend.  As  a  matter  of  course,  all  races 
can  indicate  numbers  as  high  as  10,  the  fingers  serving  as  a  means  of 
showing  what  they  have  no  words  to  express.  In  nearly  all  cases  ve 
find  tbis  limit  extended  to  20,  the  second  10  being  told  off  ou  the  toes. 
or  on  tbe  fingers  of  a  second  man.  But  savages  have  in  very  many 
instances  no  words  for  inimbers  higher  than  2, 3,  or  4.  The  Botocuttos 
have  no  definite  number  beyoo^X  For  2  they  say  "  urahfi",  many*  * 
The  Turis  and  the  Wjilih^'^^lbp  at  2.  The  former  express  S  by 
"  prica",  many,  and  If  ^^HP  ^'"'  same  number  by  the  combi- 
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they  count  as  high  as  10  by  means  of  tlieir  flogers.*  Tea  theyexpi'eHS 
by  tlieir  word  for  "all,"  The  Bnshmen  have  the  satDe  number  limit, 
expressing  any  nainber  greater  than  2  by  the  equivalent  word  for 
"many."  The  Yeddas  of  Ceylon  count  "ekkamaf,"  1,  "dekkamat,"  2, 
aud  ttien  coDtlnae  by  repeatiug  again  and  again  the  word  "otameekai," 
meaning  "  aud  one  more."  t 

Numerons  as  are  the  instances  in  wbicb  two  stands  aM  the  number 
limit  for  savage  tribes,  three  is  thus  used  still  more  frequently.  The 
New  Hollanders  have  nu  names  for  numbers  greater  than  three.}  The 
low  forest  tribes  of  Brikzil  commonly  express  any  number  greater  than 
three  by  their  equivalent  for  "»tany.''§  The  Australians  of  Herbert 
Biver  do  the  saiue.ll  Tbe  Fuegans  are  supposed  to  have  counted  tbr- 
merly  to  teu,  but  at  tbe  present  time  their  entire  number  system  is  com- 
prised in  thi!  three  words :  "  kaoneli,"  1 ;  "compafpi,"  2;  ''maten,"  3." 
The (Jampas,  of  Peru, count:  "patrio,"!;  "pittem,"  2;  "mahuimi,"3. 
Beyond  this  they  can  express  no  number  except  by  some  such  expres- 
sions as  1  and  3, 1  audi  and  3,  et«.,  showing  the  total  indicated  by  hold- 
ing np  the  proper  number  of  Angers.  As  a  definite  number  anything 
beyond  ten  is  to  them  inconceivable,  and  they  refer  to  it  as  "  to  haine," 
"maiiy.^tt  The  AustraJiau  tribe  of  the  Wiraduroi  have  no  numerals 
which  enable  them  to  count  beyond  3.  With  them  four  is  "many,"  and 
five  "very  many."  Almcst  exactly  tbe  same  statement  may  be  made  of 
the  Dipptl,  the  Kamilaroi,  the  Adelaide,  the  Turrubul,  the  West  Aus- 
tralia, the  Encounter  Bay,  tbe  New  South  Wales,  and  the  Tasmania 
tnbes.}}  Some  of  these  indicate  four  by  expressions  such  as  "two-two," 
or  *' two  pair,"  and  five  by  "  two-three,"  or  "  two-two-one."  The  Encoun- 
ter Bay  tribe  uses  an  analogous  reduplication  for  six  even,  saying 
"kuko-kako-kuko,"  that  is,  "two- two- two."  The  Yaacos,  of  the  Ama- 
fOD,  express  the  number  three  by  the  astounding  word  "  poettarraror- 
incoaroac,"  at  which  LaCondemaine  duly  remarks :  §§  "Happily  for  those 
who  have  dealings  with  them,  their  arithmetic  goes  no  further." 

The  general  limitation  of  the  number  sense  existing  among  the  low 
races  of  the  world  now  begins  to  become  apparent.  Specific  words  exist 
for  one,  two,  three,  etc.,  and  beyond  that  anything  is  "  many."  The  en- 
tire number  system  of  a  tribe  may  be  "one,"  "  many,"  or  it  may  be  "one, 
two,  many."  More  numerous  yet  are  the  cases  where  the  counting  goes 
one  8tf  p  farther,  and  gives  "one,  two,  three,  many,"  as  the  scale  through 
which  the  savagej^'  number  sense  can  coRdn<;t  him.     In  the  same  way 
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we  Diigbt  expect  to  fiml  tlie  ciises  where  cniititiug  stops  with  four  mora 
numerals  tbaii  tlinse  where  tbree  is  the  limit,  just  as  three  is  a  mnch 
more  common  limit  than  two.  Sucli  is  not  the  case,  buwever.  Im'esti- 
gatinn  shows  that  if  couuting  extends  beyond  three,  it  is  almost  sure  to 
reach  five,  thecommonest  limit  among;  races  whose  number  sense  is  very 
weak.  A  few  instances  have  been  fonnd  where  tribal  numerals  extend 
to  four  without  going  beyond  that  point.  The  Tupis,  of  South  America, 
have  only  the  four  numerals  "oyepe,"!;  "mokoi,"  2;  ''mo8stpira,"3,  and 
"eniudi,"  i,*  The  Australians,  of  Lake  Macqnery,  have  no  inimeral 
beyond  "woran,"  4,  except  the  indefinite  expression  "kanwol-kanwol," 
which  signifies  "  great-great.''t  The  Tasmanianti  also  have  fonr  as  their 
projier  number  limit,  but  they  have  a  compound  expression,  "pagan-a- 
mara,"  4  +  1,  which  they  use  for  fivcj  A  few  other  institnces  of  the 
same  limit  are  given  by  various  authors,  but  they  must  be  received  with 
great  caution.  If  a  savage  can  count  to  four  he  is  practically  certain 
to  extend  his  system  one  step  further,  and  to  make  his  scale  contain 
the  number  of  steps  which  con'esponds  to  the  number  of  fingers  on  one 
of  his  hands. 

This  brings  us  again  to  the  couaideratioii  of  the  relation  existing 
between  the  hand  and  its  fingers,  and  primitive  counting.  Three  ootn- 
mou  number  limits  are  found  among  savage  races,  5, 10,  and  100.  A 
savage  counts  ou  his  fingers  until  he  reaches  5,  and  then  he  often 
stops,  saying  merely  "many," for  any  greater  number.  With  a  slightly 
higher  degree  of  intelligence,  or  with  an  enWronment  calling  for  more 
extended  use  of  the  number  sense,  others  go  on  fivm  this  point, 
counting  now  on  the  fingei-s  of  the  other  baud.  As  a  number  limit  10 
is  used  almost  as  commonly  as  5;  and  it  is  no  iiiA-equent  thing  to  find 
the  toes  a«  well  as  the  fingers  made  to  do  duty  as  counters,  thus 
bringing  the  total  up  to  20.  The  last  named  number  is  rarely  the  limit, 
however.  If  a  savage  can  count  to  20  he  is  usually  able  to  go  on  to  101^ 
and  often  to  1,000. 

The  manner  of  counting  just  indicated  has  given  rise  to  a  peculiarity 
in  the  names  of  certain  numerals  which  niuHt  not  pass  minoliced. 
Counting  as  he  does,  the  savage,  on  rea<ihing  .j  says,  not  unnaturally, 
*'  one  hand."  At  10  he  says,  following  the  same  anology,  "  both  hands." 
At  20,  harhig  completed  the  tale  of  counters  which  N^aturc  has  placed 
at  his  disposal,  he  says,  "one  man."  Though  by  no  means  universal, 
these  names  for  5,  10,  and  20  arc  so  common  in  nil  parts  of  the  world 
that  specific  examples  of  them  need  not  be  given.  We  also  find  6,  T, 
et*-.,  often  expressetl  by  "  hand  one,"  '■  hand  two,"  or  "  one  on  the 
other  hand,"  "  two  on  the  other  hand,"  et*-.;  and  11, 12,  etc,  by  "one 
on  the  foot,"  "  two  on  the  foot,"  etc.     So  frequently  are  these  eqniva- 
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lents  found  that  they  are  recognized  by  cumpetent  authority  an  under- 
lyiug  oue  of  the  most  commou  of  the  methods  of  numeral  formation.^ 
Id  a  coiisideratiiin  of  the  subject  of  piiinitive  number  one  thought 
mast  be  kept  prominently  in  mind.  Savage  race»  may  have  numerals 
by  means  of  whiili  they  connt  to  5, 10, 20, 100,  or  even  1,000,  beyond 
irhicb  tliey  rarely  venture.  But  it  by  no  mean8  follows  that,  after 
passing  beyond  the  very  nmtilleFit,  they  huve  any  exM-t  notions  of  the 
numbers  they  are  using.  Aa  long  as  they  ean  check  off  on  the  fingers, 
or  by  means  of  pebbles,  sriekHoi'  ahellH,  they  undoubtedly  have  a  fairly 
dixtint^t  idea  of  the  totals  they  name.  But  want  of  familiarity  with 
the  uKe  of  numbers,  and  lack  of  any  convenient  means  of  comparison, 
must  result  in  extreme  indeflnit«ne»s  of  mental  conception,  and  must, 
wben  recourse  can  not  be  had  to  counters  of  some  kind,  inevitably 
give  rise  to  great  vagueness  in  the  use  of  numbers.  This  has  been 
noted  and  commenteil  on  by  many  observers,  Humboldt  among  them, 
whoremarks  t  that  he  never  met  an  Indian  who  on  being  asked  his 
age  would  not  answer  indifferently  10  or  20. 

The  statement  has  been  made  above  that  tne  number  systems  of 
savage  races  rarely,  if  ever,  extend  beyond  1,000,  A  single  observa- 
tion respecting  the  development  of  the  systems  of  civilized  races  may 
not  here  be  out  of  place  as  showing  of  how  universal  applicatton  is  this 
statement  The  number  systems  of  the  civilized  world  to-day  are  of 
unlimited  extent.  But  we  need  go  back  tiut  a  few  centuries  to  find  a 
time  when  oar  own  systems  were  as  diminntive  aa  are  those  to  winch 
reference  has  just  been  made.  Although  in  res|K)nse  to  the  demands 
of  commerce  and  science  our  English  system  lias  been  brought  to  its 
present  elastic  condition,  the  evidence  of  language  shows  (ionclusively 
that  our  Teutonic  ancestors  stopped  at  the  same  limit  that  has  l>een 
named  as  the  maximum  for  Favage  tribes.  The  higher  numeral  words 
of  our  language,  million,  Inllton,  trillion,  etc.,  are  all  borrowed  words; 
while  the  word  thouaaad  is  pure  Saxon,  like  the  words  one,  two,  tkree, 
ten,  hundred,  etc.  The  German,  the  Scandinavian  and  other  languages 
have  borrowed  their  higher  nuineral  wonls,  and  the  same  statement 
Ib  probably  true  of  the  French.  Other  languages,  like  the  Ohinese, 
Sanskrit,  Aztec,  etc.,  contain  only  native  numeral  words;  but  however 
high  these  systems  may  be  found  to  extend,  there  can  be  no  doubt  that 
Uiey  were  at  one  time  limited  to  a  single  thousand,  and  perhaps  less. 
In  this  connection  it  is  instructive  to  observe  the  number  limits  of  the 
half  civilized  nations  of  the  present  day.  The  tribes  of  Arabia,  the 
Persians,  the  Abyssinians,  and  most  of  the  Xorth  African  peoples  have 
nnmber  systems  terminating  with  cleph  or  alph  (1,00(1),  The  Lapland- 
era  and  the  Erse  have  no  words  higher  than  zhioette  and  Ciarf,re8pec- 
tively,each  of  these  words  signifying  100,  In  ancient  times  the  LMiiis 
were  content  with  mille  (1,000),  and  the  (Jreeks  with  /l''^pla;  (10,000),  as 
their  number  limits,  and  the  ^lalays  of  to-day  with  ribou,  also  meaning 
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1,000.  Ill  geiieral  it  may  be  said  tliiit  in  the  cliildtiwHl  of  any  race  th« 
number  concept  is  wejik  and  tbe  number  system  is  correst>ondiiigly 
limited.  .\.a  civilization  develops  the  number  sense  and  tbe  number 
8yst«m  are  extended  accordingly.  To  this  law  some  remarkable  ex- 
ceptions Itave  been  noted,  but  they  are  exceptions  and  do  not  iu  the 
least  invalidate  the  rule. 

Respecting  tbe  bases  used  in  the  numbeu  systems  of  the  various  lan- 
f^Hges  of  tbe  world,  no  full  and  comparative  account  has  ever  ap|>eai'ed 
in  Knglisb.  From  the  earliest  times  in  which  arithmetic  began  to  assume 
the  dignity  of  a  science  and  its  history  to  re<»i  ve  serious  attention,  it  ha^ 
been  handed  down  as  a  tradition,  the  truth  of  wbicb  was  never  qnes 
tioned  until  recently,  that  nil  I'aees  ttiroughuut  the  world  used  in  their 
ooinputation  the  decimal  system.  Aristotle  indeed  mentioned  one  ob- 
scure Tbraciau  tribe  which  was  said  to  reckon  with  a  different  base,  but 
he  seems  to  have  regarded  this  solitary  instance  as  the  exception  which 
proved  the  nUe,  for  be  tsiught  that  tbe  universality  of  tbe  ilwimal  sys- 
tem proved  it  to  have  had  its  origin  in  natiira  This  tradition  was  for 
centuries  accepted  as  true  without  question,  and  the  naturalness  of  the 
decimal  system  w:u4  argued  from  the  fact  that  the  number  of  counters, 
the  fingers,  with  which  nature  bad  efjuipped  man,  was  ten.  But  tbe 
last  three  or  four  centuries  have  brought  to  the  knowledge  of  civiliza- 
tion a  multitude  of  tribes  hitherto  unknown,  and  among  them  a  ven' 
great  number  have  been  found  to  use  systenia  having  Nome  base  otiier 
tbau  10.  It  was  also  pointed  out  by  Peacock*  and  others  that  10  was 
not  tbe  only  natura  Inumber  base — that,  as  5  was  the  nnml»er  of  fingers 
on  one  baud,  and  as  20  was  the  number  of  fingers  and  toes  combined, 
either  5  or  20  constitutetl  a  base  in  all  respects  as  natural  as  10.  Hence 
the  use  by  any  race  of  either  of  these  numbers  for  that  purpose  conlil 
constitute  no  ground  for  surprise.  Peacock  indeed  mentions  many  ex- 
amples of  Indian,  negro,  and  Mongolian  tribes,  among  whom  such  bases 
are  w^tuaily  used,  and  his  list  can  now  be  enormously  increased,  so  great 
has  been  the  energy  and  activity  displayed  in  antbrojtological  reaearcli 
dnring  the  last  half  century.  That  10  has  been,  and  is,  the  practically 
universal  base  of  the  world's  number  systems  is  indisputably  tnie,  but 
to  this  general  law  the  list  of  exceptions  bas  been  found  to  be  so  great 
that  a  brief  consideration  of  the  subject  seems  desirable, 

Of  all  the  numbers  capable  of  use  as  a  system  base,  12  presents  the 
greatest  number  of  practit^al  advantages.  We  liave,  throngli  th^ 
fiimiliarity  which  custom  has  produced,  become  so  ac^'ustomed  to  the 
use  of  10  in  that  capacity  that  tbe  assertion  just  made  seems  unwar- 
rantable. But  a  moment's  reflection  will  show  that  the  ten  fingers  of 
tbe  human  species  have  entailed  upon  us  a  number  base  decidedly 
inferior  to  12.  In  tbe  simple  business  affairs  of  life  we  deal  oost 
extensively  with  the  three  simple,  familiar  fractions,  ^,  ^,  and  },  »"<1 
tbe  auxiliary  fhKtious  §  and  J.     Such  being  the  case  it  needs  no  xtg«- 
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mput  to  prove  that  the  most  convenient  base  in  that  wliicli  wilt  ndniit 
ot  clivi.siou  without  a  remainder  by  the  aamberg  2,  3,  an<l  4.  Ten  ean 
be  divided  by  bnt  one  of  these  numbers  without  remainder;  hence  the 
confusion  of  fractions  is  at  once  introduced.  Twelve,  on  the  other 
hand,  is  an  exact  mnltiple  of  each  of  the  three  numbers.  It  offers.  Mien, 
to  tlie  maSH  of  mankind  an  enormous  advantage  over  10  or  any  other 
small  number  an  a  base  for  compntAtion.  With  the  growth  of  business 
in  its  many  forms,  the  civilized  world  has  long  since  come  to  re<rognize 
this  fact,  and  in  many  ways  to  make  practii^ul  use  of  it.  The  word 
"dozen,"  and  its  equivalent  in  other  laugiia$;es,  has  been  coined  as  a 
uoan  to  express  the  number  12,  and  iu  a  very  great  number  of  the 
commercial  trausactionn  of  the  world  the  dozen  and  its  stjuare,  the 
gross,  are  the  common  unit«  of  measure.  So  palpable  are  the  advan- 
tages of  12  from  this  point  of  view  that  some  writers  have  gone  so  far 
OB  to  advocate  the  entir(^  abolition  of  the  decimal  system  and  the  sub- 
Btitution  of  a  duodecimal  system  in  its  place.  CharlesXlI,  of  Sweden, 
may  be  mentioned  as  an  espeeiallj-  zealous  advocate  of  this  change, 
which  lie  is  said  U>  have  had  iu  actual  contemplation  for  his  own 
dominions  at  the  time  of  his  de.ith.  Th<-  ailoptiou  of  the  tlnode^imal 
notation  would  involve  the  introduction  of  two  new  symbols,  for  10  and 
11,  i-espeetively.  Twelve  would  then  be  represented  by  10,  thirteen  by 
11,  fourteen  by  12,  twenty-four  by  20,  one  hundred  and  forty-four  by 
100,  etc.  No  such  change  can  evei'  meet  with  general  favor,  so  firmly 
has  the  decimal  scale  become  intrenched ;  bnt  it  is  more  than  jirobable 
that  the  world  of  trade  and  commerce  will  continue  to  use  the  dozen, 
its  fractions  and  its  nmltiples  in  many  of  its  transactions  in  the  future, 
as  it  has  for  centuries  in  the  past.  It  was  thus  used  by  the  Itomans, 
and  it  hax  been  and  is  used  among  all  Teutonic  nations  at  the  present 
day.  It  is  more  than  probable  that  the  English  divisions  of  weights, 
measures,  and  money  were  intlnenced  by  the  ease  with  which  mental 
Gomputution  is  effe<-ted  when  fractional  parts  of  12  are  involved.  The 
dnmlecimal  is  not  a  natural  scale  in  the  same  sense  as  are  the  decimal, 
the  quinary  and  the  vigesimal;  but  it  is  a  system  which  is  brought 
into  use  at  a  later  day  and  at  a  higher  stage  of  developuient,  solely 
through  its  couveuience  when  applied  to  the  everyday  transactions  of 
basinesH  life.  Humboldt,  iu  discussing  the  number  systems  of  the 
vnrious  peoples  he  hail  visited  in  his  travels,  remarked  that  no  people 
had  ever  nseil  exclusively  that  best  of  bases,  12.  A  possible  exception  ' 
to  this  baa  since  Humboldt's  time  been  note*!  by  Robert. Flegel,  in  the 
Aphos of  Bemii.',  who  count  by  simple  words  to  12,  and  then  proieed 
with  12  and  1. 12  and  2,  12  and  3,  etc.' 

Remarkable  as  it  may  at  first  glance  seem,  the  number  2  has  in  a 
few  scattered  instances  been  nnide  to  do  duty  as  the  base  of  number 
systeni.    Thirion  sayst  it  was  thus  employed  by  I'!gJ^^tian  aurveyois; 

"Schobi'it,    H.,  in  Neiitnnyer'n    Anleilttng    m     Wantnackoiftliiihrn    llrvbarhlnHij  aaf 
katn.  p.  290. 
tHistoirc  <le  I'ftritUumtiqiie.  p.  5.  ^  .tueab  Gt^CWlc 
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in  our  own  langiia^  wij  find  an  occasional  hint  nf  tli«  same  thing  iu 
tbe  words  "pair,"  "Ijrace."  "coiii>le,"  et«.;  obe<;ure  traces  of  a  binary 
uuniber  system  appeiir  on  siinie  uf  the  early  Chinese  uionnineuts,  bat 
wc  have  no  real  evideni-t'  that  sucii  a  sy-stem  was  ever  definitely  and 
exclusively  used  by  Hie  fliinese.  Certain  savage  tribes,  however, 
count  exclusively  or  in  part  by  twos.  The  Baccaraaibi,  a  South 
American  tribe  of  the  Xtngii  region,  count  only  to  0.  But  they  call  4, 
2  and  2,  5,  2  and  1'  and  1,  and  d,  2  and  2  and  2.  The  least  devvlopetl 
of  tbe  Australian  tribes  are  in  many  cases  tbund  to  reckon  in  the  .saim^ 
way."  The  structure  of  the  Ankara  nnuieralx  would  indicate  that  tlii." 
people  counted  at  first  exclusively  by  pairs,  the  odd  numbers  beinj;  in- 
t«ri"^l^^t  a^rwards.f  The  lowest  of  the  native  trit>es  of  tbe  East 
Indian  Archi[>eIago  count  upon  a  binary  scale,  if  indewl  they  can  prop- 
erly be  said  to  use  any.}  Examples  of  this  kind  might  be  multiplied 
to  a  very  considerable  exttmt.  Hut  it  should  not  be  overlooke«l  that 
these  are  hardly  to  be  considei'ed  as  fair  examples  of  the  use  of  ang 
system.  The  tribes  mentioned  have  no  form  of  notation  other  than  I'e- 
peating  scratelies  or  piling  pebbles:  and  their  numeration  is  of  the 
rudest  kind.  All  that  can  be  said  is  that,  as  far  as  any  system  is  used 
among  them,  that  system  is  the  binary.  Making  tbe  same  (jualiliea- 
tion,  we  may  note  that  the  Cu<;haus  of  (Colorado  <-ouut  with  a  mixed 
ternary  and  quaternary  st^ale,  expressing  C  by  the  phrase  "2  S'a,"  9 
by  "3  3*8,"  and  8  by  ''2  4's;"5  and  that  the  Luh>s  of  South  America, 
the  Triton  Bay  and  the  Knde  Polynesians  count  with  a  quaternary 
scale,  expressing  numbers  as  far  as  i  by  simple  words,  and  then 
comtting  4-1,  i-i,  cti'.  The  last-name^  tribe  gives  a  further  indication 
of  tbe  use  of  the  <iuaternary  scale  by  using  for  8  a  word  signifying 
**2  ■i'8."||  Occasionally  we  come,  in  the  midst  of  some  other  well-de- 
fined system,  ui»n  sjioradic  trai-es  of  reckoning  upon  4,  6,  8,  or  9  as  a 
base.  The  Wallaithiaus,  for  example,  say  "dea-niaw,"  2-9  for  18.  The 
Bretagnes  call  18  "trionche,"  3-C,  But  otherwise  these  languages 
contain  no  trace  of  the  senarj' or  octonary  scales.  Tott  states"  that 
the  liolans  of  West  Africa  appear  to  use  6  as  their  iiquiIkt  base;  but 
aside  from  this  solitary  instance  we  know  of  no  tribe  which  employs  C, 
7,  8,  or  9  for  that  purpose.  The  most  remarkable  example  of  tribal  ec- 
centricity in  this  i»articnlai'  is  that  of  the  Maoris,  of  New  Zealand, 
•  whose  number  base  is  IT.  To  that  number  they  count  by  means  of 
simple  words;  12,  13,  14,  eU.:,  are  with  them  111,  11-2.  11-3,  etc.;  the 
multiples  of  11,  as  22  and  33,  are  formed  directly  on  the  woni  for  11; 
and  the  square  and  cube  of  11,  or  121  and  1331,  are  expressed  by 
simple  words  having  no  connection  with  the  names  of  smaller  nan- 
bers.lt    Occasionally  a  rude  luimber  sy8t«m  wi-urs  which  shows  no 

* I/etoiimeaux,  Ball.  Soc.  Anihropol.,  Paris,  1886,  p.  91. 

1  Tninibull,  J.  H.,  Proc.  Am.  A»lg.  ,Soc.  1W5,  p.  7l>. 

I  Murrc.  A.  De  Farilbmelique  daiu  I'archiptl Indirn,  ji.  7. 
i  Tratnliiill.  .1.  H.,  Traui.  Am.  Phil.  At>'n,  1874,  p.  46. 

II  Marre,  A.,  "ii.  eii..  {>.  7.  "  Dit  Sprachvtniiedenliril,  p.  30. 
M  Neumajer,  op.  cil.  B.  ii,  p.  229. 
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trace  of  a  base,  the  numbers,  us  far  iis  tliey  exteod,  being  iudepeuUent 
of  each  othor.     Such  cases  ar«,  however,  UHcessarily  rare. 

The  only  remaiiiiDi;  example  that  ueed  be  mentioned  of  the  iisc  of 
m  onnsual  number  a«  the  base  of  ii  .'systein,  is  the  BabylontauB,  As 
is  well  kuown,  the  base  of  their  number  system  was  lil>,  the  largest 
namber  ever  used  for  Kuch  a  purpose.  To  tlie  modern  world,  the  fact 
that  the  Babylonians  used  6<>  as  their  unit  of  reekouing  is  most  iin 
pcrtant,  for  that  fact  has  entailed  upon  us  a  sexagesimal  system  of 
aHtronomtcal  computation. 

With  the  e^cception  of  a  small  uumber  of  iHoIated  eases,  such  as 
those  mentioned  above,  it  may  be  laid  down  as  a  universal  law  that 
every  language  containing  a  number  system  extending  t>ey(>iid  5 
reveals  the  uBe  of  une  of  the  three  numbers,  -j,  10,  or  20,  as  the  base  of 
that  system.     Each  of  three  numbers  rwpiires  extended  mention. 

One  of  the  most  interesting  points  to  be  met  with  in  conTie<'tioo 
with  the  study  of  numeml  words,  is  the  resemblance  foiind  to  exist 
■  in  many  languages  between  the  words  for  '* hand"  and  "five."  Count 
ing  OS  tbey  do,  by  means  of  their  fingers,  savage  races  naturally  use 
for  five  Hume  expression  like  "one  hand,''  or  ''a  hand  finishe^l,"  or 
simply  "hand."  Then,  proceeding  with  their  count,  ihcy  begin  to 
build  OH  this  as  a  l>ase,  using  for  C,  7,  S,  etc.,  the  expressions,  "band 
one,"'  "hand  two,"  "hand  three,"  etc.  In  such  a  system,  10  is,  of 
course,  "  two  hands.''  Counting  above  10,  we  find  two  common  meth- 
ods practised.  The  Sogers  biung  finished  by  the  count  upto  10,  re- 
course may  be  had  either  to  the  toes  or  to  the  fingers  of  a  second  man. 
In  the  former  case,  1 1  would  be  "one  on  the  foot."  Twenty,  complet- 
ing the  tale  of  both  fingers  and  t«e8,  is  called  '-one  man."  Itcyond 
tills  ]>oint  there  is  less  uniformity  in  the  method  of  counting  than  be- 
fore, but  examples  are  nnmcnms  of  tribes  which  us<(  exactly  this 
method  up  to  100,  calling  40,  (iO,  SO.'and  KHt,  "  two  men,"  "  three  men," 
"four  men,"  and  "five  men,"  rej»i>ectively.  But,  as  will  be  noted  later, 
the  use  of  the  pure  ipiiuary  scale  above  :10  is  rarely  if  ever  found. 
With  tribes  having  a  limited  number  sense,  however,  tribes  whose  sys- 
tems  do  not  extend  Iwyoud  10  or  15  or  '20,  this  scale  is  almost  as  com- 
mon as  the  decimal.  The  naturalness  of  this  scale  is  very  evident, 
and,  as  c«mpare<l  with  the  decimal,  the  wonder  is,  not  tliat  the  (juiuary 
scale  IS  so  very  common,  hut  rather  that  it  is  not  mure  common  than 
the  decimal.  The  reason  for  this  will  appear  when  we  come  to  con- 
sider the  latter. 

Examples  of  the  use  of  the  iguiuary  scale  are  common  in  all  parts  of 
the  world.*  It  is  the  scale  of  many  of  the  native  North  Siberian  tribes, 
of  the  Alenta,  the  Kamtsehatkans,  and  at  least  three  of  the  tribes  of 
the  New  Hebrides,  In  Africa  we  note  the  Wolofs  and  BuUorns, 
which  were  visited  by  Mungo  Park,  the  Kanuris,  the  Temues,  the 

'  The  nnmeraU  iif  tlio  trilHW  lioic  nn-ntiimcd.  1ml  for  whiuli  iiu  Bjim-ilio  refereiicn 
if  inndo,  arc  foiiii<t  in  MliUer,  aji.  Wl.,  <ir  in  Vutt.  l»e  Qiiiuuic  imil  riijeaiaials  :akl- 
nttkodeM  ViilkerH  ulUr  neltihtitt. 


592  PRIMITIVE   NUMBER  SYSTEMS. 

Eifikfl,  and  two  tribes  visited  by  Stanley;  the  Kiyaun  and  tlie  Ki- 
Nyassas.*  These  and  anumberof  others  nse  practically  a  pure  qiiiuary 
Hcale.  The  DiukaN,  the  Fiilbes,  the  Pigiuie»,t  and  otliers  use  a  mixed 
qoinary  and  decimal  Hcale,  while  the  Nupea  and  one  or  two  other  tribes 
employ  11  quinary  vigesimal  system.  Among  the  Australasians  and 
Polynesian  islands  abundant  traces  are  found  of  quinary  number  sys- 
tems, but  they  are  in  almost  all  cases  nothing  more  than  traecR. 
Throughout  that  part  of  the  world  the  quinary  system  has  been  super 
seded  by  the  decimal.  This  ha.s  been  widely  spi'ead  through  the  islands 
of  the  I'aciliv  and  Indian  Oceans  by  the  Malays,  who  in  turn  obtained 
it  from  the  Hindus.  But  the  home  par  excellence  of  the  quinary,  or 
rather  of  the  quinary- vigesimal  scale,  is  America.  Jt  is  practically 
universal  among  the  Eskimo  tribes  of  the  Arctic  regions.  It  prevailed 
among  a  considerable  portion  of  the  North  American  Indian  trittcs,  autl 
was  almost  universal  with  the  native  races  of  Central  and  South  Amer 
ica.  So  numerous  arc  the  examples  which  might  be  given,  that  mention 
will  be  made  rather  of  tbe  exceptions,  that  is,  of  those  using  the  decimal 
base.  It  is  interesting  to  note  also  that  a  considerable  number  of  lan- 
guages show  that  the  quinary  system  was  once  in  use  among  peoples 
which,  with  the  developmeut  of  civilization,  discarded  that  system  for 
the  decimal.  The  Greeks  of  Homer's  time  used  a  system  in  which 
traces  of  the  quinary  base  are  observable.  The  common  lioman  nota- 
tion shows  clearly  that  the  ancient  iiomans  made  at  least  a  limited  use 
of  the  Slime  base,  as  did  also  the  Persians. 

The  exclusive  nse  of  5  as  a  number  base  is  never  found  in  any  sys- 
tem of  any  considerable  extent.  Whenever  the  quinary  system  is  ex- 
tended beyond  the  nam>west  limits  it  invariably  runs  into  either  the 
d<^<:inuil  or  the  vigesimal.  Touching  this  point  Hankel  Kays  It  that  no 
nice,  even  iliough  it  began  its  nuinl>er  system  on  the  quinary  base,  ever 
expressed  10  by  5-2  or  2-5.  but  always  by  a  simple  word ;  and  hence  thai 
the  system  passes  immediately  into  the  ddcimal.  This  statement  is 
oidy  partially  correct.  The  qninury  in  many  instances  runs  into  tlie 
vigesimal,  no  trace  whatever  of  a  decimal  base  appearing.  Further 
more,  even  tlitmgh  10  is  never  expressed  by  5'2  or  2r>,  it  ts  often  ex 
pressed  by  "two  hands"  or  "both  hands."  Mango  Park  observed  this 
among  tlie  Volofs  and  Foulkas  of  Africa;  Humboldt  and  others  among 
the  Oma^nas,  the  Zarmiscas,  the  Tamanacs,  the  Tonpinaabos,  and 
many  more  of  the  South  American  tribes;  and  Russian  explorers 
fouud  the  same  method  common  among  the  native  Siberian  race.'*. 
Hence  the  statement  as  the  (ierman  fiistorian  makes  it  needs  imiior- 
tant  qualification. 

Vigesinial-nnniber  systems  are  less  common  than  quinary,  but  as 

the  two  are  so  i)eisist*'utly  interwoven  tiigether  it  is  difHcnlt  t^sejw- 

rate  them  from  ejich  other.    I'he  use  of  a  baise  as  large  as  20  must 

-Miessarily  be  cumbersome,  and  it  can  constitute  no  ground  for  snr 

Stauley,  Through  the  Dark  Continent,  n,  p.  4Ht>. 

Op.  eit.  II,  p.  493.  II  Oetckichte  der  Maikmalll,  p.^' 
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prise  that  eittier  5  or  10  should  in  general  be  preferred  for  that  purpose. 
It  is  a  matter  of  some  Burpriae,  however,  that  the  quinary  should  in  so 
many  cases  merge  into  the  vigesimal  rather  than  the  decimal  system. 

The  vigesimal  system  is  uever  found  entirely  pare.  Examination 
always  shows  some  trace  either  of  the  quinary  or  the  decimal  system 
8ubordinat«  to  it.  Among  the  native  races  of  America  it  is  almost  as 
oommou  as  the  quinary  and  is  more  common  than  the  decimal,  but  it 
is  there  always  foand  mixed  with  either  the  one  or  the  other.  The 
same  commingling  m  observed  among  Asiatic  and  Afticau  tribes.  The 
elaborate  Aztec  system  is  the  most  perfect  known  example  of  the  vig- 
esimal-onmber  system,  but  it  contained  both  the  (juinary  and  the  deci- 
mal scales  subordinate  to  the  vigesimal.  The  Aluyscas  of  Bogota 
possessed  an  exceedingly  elaborate  and  extended  vigesimal  system,  but 
the  decimal  is  nsed  to  supplement  it.  The  same  ia  true  of  the  Ba»- 
qnen  of  northern  Spain. 

For  some  unexplained  reason  vigesimal-unmber  systems  are  rare  in 
the  Old  World.  The  only  European  example  I  am  able  to  cite  iH  the 
Basque  system.  The  Ainus  of  northern  Siberia  reckon  by  twenties, 
and  a  number  of  the  tribes  of  the  Oaacasus  do  the  same.  lii  Africa 
this  mode  of  counting  is  almost  unknown,  only  two  or  three  examples 
of  it  being  on  reconl.  It  is  only  in  America  that  vigesimal-number 
systems  have  flourished  and  held  their  own.  But  it  is  a  noteworthy 
fact  that  in  ancient  times  20  was  the  number  base  used  in  many  parts 
of  Euro[H;,  as  is  attested  by  abundant  traces  in  the  modem  Euro]>ean 
languages.  The  Plitenioians,  and  presumably  the  Carthagenians,  also 
used  this  method  of  reckoning,  and  tbntngh  contai^t  with  them  the 
Celtic  nations  of  western  Europe  gradually  became  familiarized  with 
it.  From  using  it  in  commercial  intercourse  with  these  traders  from 
the  Mediterranean  they  may  have  adopted  it  as  their  own  scale.  Cer- 
tain it  in  that  the  \igesimal- number  system  was  a  strongly  marked 
characteristic  of  all  the  Celtic  races,  as  their  languages  nneiiui vocally 
prove.  The  Bretons  still  say  "unuek  ha  tringent,"  11  and  3  20's,  for 
71.  The  French  say  "quatre  vignt"  for  80,  and  from  that  jwint  to  100 
cuant  upona  pure  vigesimal  scale,  aet  far  as  the  names  of  their  numbers 
are  concerned.  The  Welsh,  the  Erse,  the  Gielic,  the  Manx,  and  other 
Celtic  races  show  in  their  languages  similar  traces  of  a  former  use  of 
the  vigesimal  base.  Singularly  enough,  like  traces  are  to  some  slight 
extent  found  among  Tentonic  languages  also,  but  they  are  so  infrequent 
as  to  indicate  but  little  and  to  prove  nothing.  A  hundred  consisting 
of  120,  and  known  as  "the  great  hundred  "or  "  long  hundreil, "  was 
formerly  in  use  in  England,  and  was  legal  for  eggs,  spars,  and  ci^tain 
other  articles.  That  this  was  a  4«rnmon  use  would  appear  from  the 
popular  old  distich  quoted  by  Peacock  :• 

Five  Bcoro  of  men,  moiii^.v.  aiiil  (•■■'x, 
Sii  Hfore  of  nil  otb><r  thiiigR. 
*  Exeyeloprrdia  MetTopolitana,  vol.  I,  p.  381.  ..  . 

H.  Mis.  114 38  r:r:scb>C.tX1glc 
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Tbe  very  void  "sixne,"  and  one  or  two  happily  preserved  ezpres- 
BioRB,  a«  "  three  score  and  ten,"  show  that  an  udcodscjous  Uavor  of  the 
vigeaimiil  m-ale  was  to  be  found  in  the  England  of  a  few  centuries  ago. 
The  Danish  and  other  Teutonic  languages  coutaiu  words  and  expreB- 
sions  which  indicate  that  the  Hanie  wan  true  of  other  north  European 
conntries.  But  here  the  reckoning  by  '2&s  seems  always  to  have  been 
rcMtricted  to  materia)  objects  rather  than  applied  to  pure  number;  so 
that  tbf  Teutonic  number  systems  cannot  be  said  ever  to  have  been 
vigesimal  systems.  Ancient  Palmyra  possessed  a  unmber  system  of 
great  extent  which  was  almost  purely  vigesimal.  Bat  scanty  traces  of 
it  remain  however. 

We  have  last  of  all  to  consider  the  decimal  scale.  However  great 
the  number  of  examples  that  may  be  given  of  races  that  have  used 
or  now  use  the  quinary  or  the  vigesimal  scale,  the  fact  remains  that 
by  far  the  greatest  number  of  uuciviliKed  jieople  perform  their  reckon- 
ing by  tens;  and  that,  with  five  or  six  exceptions,  lUl  civilized  peoples 
have  done  the  same.  The  decimal  scale  is  universal  in  Europe;  in 
Africa  it  .is  almost  universal;  in  Polynesia  the  same  is  true;  in  Asia 
)iU  civilized  peoples  and  the  grent  majority  of  the  uncivilized  tribes 
count  with  this  base;  in  North  America  it  is  used  by  the  greater  nuui- 
her  of  the  Tudiau  tribes;  and  in  South  America  it  is  sometimes  found, 
though  the  prevailiug  base  is  quinary  or  quinary -vigesimal.  The  sim- 
ple and  undoubtedly  the  correct  explanation  of  the  origin  of  this  sys- 
tem is  the  laying  aside  of  the  counter,  or  the  scoring  of  one  mark  ou 
the  completion  of  each  tale  of  10  on  the  fingers.  This  develops  into  a 
jwrfcct  decimal  system,  and  needs  only  the  device  of  characters  for  the 
representation  of  number  to  become  a  written  number  system  like  the 
Itoman ;  or  with  value  of  place  like  the  Arabic  system  of  ttie  present 
day.  Tliat  it  is  preferable  to  either  the  quinary  or  the  vigesimal  scale 
is  a  fair  infereuce  Ut  he  deduced  from  the  numerous  iustances  in  which 
it  has  superseded  the  one  or  the  other.  As  a  number  base  5  is  Iao 
small  and  20  is  too  large.  Probably  no  single-number  scale  woold 
serve  the  neeilsof  mankiud  better  than  the  decimal  with  the  single  ex- 
ception of  the  duodecimal.  Bnt  the  advantages  of  12  as  a  base  never  he- 
come  apparent  until  the  arithmetic  of  a  people  IiaM  reacheti  a  degree  of 
development  such  that  a  change  in  the  scale  used  would  be  attended 
with  difficulties  so  great  as  to  render  such  a  thing  altogether  impracti- 
cable. Ci%ilization  is  apparently  we^lded  to  the  decimal  system;  and 
though  it  may  continue  to  barter  by  12'ti  and  to  ])erl'orni  its  astronomi- 
cul  computations  by  tiffs,  it  will  always  continue  to  use  the  nritbuietic 
oflO's  in  preference  to  any  other.  It  seems  pn>bable  also  that  the  deci- 
mal scale,  already  in  use  amoug  all  civilized  nations  and  among  tlie 
native  races  of  so  large  a  iKirtion  of  the  world,  will  tend  niore«nd 
more  to  displace  the  quinary  and  the  vigesimal  scales,  and  to  become  »t 
what  it  was  in  tlic  minds  of  the  ancients,  the  universal 
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THK  ANTUBOPOLOtiY  OF  THE  BltAIN. 


By  D.  Kkkkoot  Shute,  M.  I). 


Hy  " niitlii'<i|H>l<)gy  of  thu  brain"  we  nuderstiiiiil  tjevoral  diatinct,  hnt 
closely  related,  sciences,  viz,  the  itiiatomy  of  the  brain,  its  i»liysiology, 
l)8ychology,  etbDology,  etc. 

In  the  ubort  space  at  my  dietiwstil  it  will  Wiinponsible  tu do  aDy thing 
more  than  briefly  mention  the  more  important  facta  bearing  ujwq  this 
mtetesttiig  subject. 

We  will  refer  briefly,  in  the  first  pla<-e,  to  the  more  salient  features 
of  the  auatomy  of  the  braiu. 

This  complex  viscus  may  be-looke«l  upini  as  a  hollow  bag,  with  sev- 
eral <x»nstrictiuns  at  different  places,  whoHewall  is  trilaminar,  the  inner- 
most layer  of  which  is  named  epeudyuia.  tbeuiiddle  one  the  nerve  tissue, 
and  the  external  layer  the  pia  mater. 

Tbe  inner  (epeadyma)  and  outer  (]iia  mater)  layers  are  quite  thin,  and 
may  be  said  to  maintain  a  uniform  thiekne.'^s;  but  tbe  middle  (nerve- 
tissue)  layer  possesses  very  varying  degrees  of  thickness  at  different 
}>oii]ts  in  the  wall  of  tbin  hollow  bag — the  brain. 

The  nerve  tissuelayer  may  be  very  thick  at  some  places,  and  it  uiay 
be  entirely  abseutiat  other  points.  In  this  latter  case  the  integrity  of 
the  cavity  of  the-brain  is  maintained  by'tbe  epeodyma  and  pia  mater 
i-oming  in  contact,  this- bi laminar  jmrtion  of  the  brain  wall  taking  tbe 
general  nameof  velum. 

In  order  to  give  you.  a  necessary  outline,  idea  of  tbe  anatomy  '^f  tbe 
brain,  it  will  be  best  to  refer  rapidly,  but  succinctly,  to  the  more  salient 
features  of  the  embryology  of  the  braiu.  At  an  early  stage  of  pre- 
natal gn>wth  thC'  brain  consists  of  three  primary  vesicles;  soon  these 
three,  by  additional  growth  and  C4>nstrictions,  hecoiae-Jire  vesicles,  all 
In  a  series,  one  in.  front  of  the>otbei'  (a.|iollow  bag  wfth  four  constric- 
tions and  trilaminar  wall). 

Tbe  technical  name,  for  brain  being  encephalon,  these  vesicles  are 
designated  from  before b.'K-kward,  prosencephalon,  thalam-enccphaloii, 
lueeeueephalou,  ep-enceplialou,  and  met -encephalon. 

The  prosencephalon,  at  first  the  smallest  and  most  anteriorly  (pre- 
Bxially)  situat«4l  of  all  the  segmeuts,  is  destined  to  gi'ow  out  of  all  jtro- 
portion  to  tbe  other  segments.     It  grows  in  all  directions,  upward, 

'A  SatDnlay  lecture  <l el ivi^red  in  the  lecture- hull  nr  tlif  I'.  8.  Nfttional  Museum, 
Duller  the  uuBpioea  uf  the  Autbrujilugii-al  Soi-iut.v  <>r  Wnriliitigtoii. 
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forward,  biu-kwuid,  and  duwowurd,  aud  more  or  Ic^s  twinplotely  hides 
from  view  the  reiitaiuini;  and,  morphologically  considered,  more  frmda- 
inentiil  segments.  This  great  iucrease  in  size  of  the  prosencephalon  is 
due  to  the  tremendous  growth  of  its  middle  layer — the  nerTe-tiseue 
layer. 

The  cavity  of  the  proseiicepbulou  i»  called  the  jirosencephalic  cavity 
(lat4>ral  ventricles  of  adult  haman  anatomy);  that  of  the  tbalamen- 
cephaloii,  the  thalamencephalic  cavity  (third  ventricle  of  human  anat- 
omy), the  i>oint  of  commnniottion  between  the  two  cavities  being  known 
ii8  the  foramen  of  Monroe. 

Tlie  cavity  of  the  mcs<>nccplialon  is  called  meseneei)halic  cavity  (syl 
vian  pas-sage,  or  Her  a  tcriio  ad  i/uartum  ventricttliim  of  human  anat- 
omy ). 

The  cavity  of  the  epcnCcphalon  is  known  as  epencephalic  cavity 
(prc-axia)  half  of  the  tVinrth  ventricle) ;  that  of  the  tnetencephalou  is  the 
metencephalic  cavity  (p:ist-axial  half  of  the  fourth  ventricle). 

The  "fourth  ventricle''  thus  becomes  a  cavity  common  to  two  seg 
nients  of  the  brain. 

Along  the"floor"  of  the  prosence]»halic  cavity  (lat«'ral  ventricle),  in 
the  form  of  a  donlde  horseshoe,  is  a  iHjrtion  of  the  brain  wall  in  which 
the  middle  (nerve-tissue)  layer  is  wanting.  At  this  place  the  e|>eii- 
dyma  and  pia  mater  come  in  contact,  forming  the  prosencephnlic  velum 
(erroneously  called,  in  hnman  anatomy,  "  transverse  Assure"),  by  which 
the  integrity  of  the  encephalic  cavity,  at  this  (dace,  is  preserved. 

Likewise  there  is  a  thalamencephali<' velum  (velum  interpositum  of 
human  anatomy)  in  the  "roof  of  the  thulameneephalon :  a  metenceph- 
alic velum  in  the  "roof"  (dorsal  wirface)  of  the  meteueephalou.  In  the 
latter  velum  is  found  the  foramen  of  Magendie,  the  opening  by  which 
the  cerebrospinal  fluid  in  theeneephalic  cavities  communicates  with 
that  in  spat^cs  on  the  outside  of  the  pia  mater  known  as  sub-aracii* 
rmidian  spaces. 

The  nerve  tissue-of  the  iii-osoneephalon  (cerebrum)  consists  of  '*  inner" 
en-  "white  matter"  and  "outer"  or  "gray  matter,"  the  in<lividaal  ele- 
ments of  which  are  bound  together  by  a  tissue  called  neuroglia.  The 
gray  matter,  otherwise  called  cortex,  is  about  3  millimeters  in  thick 
ness.  The-cerebnim  has  numerous  fissures  and  convolutions  on  its 
surfa<^c — these  for  the  purjtose  of  increasing  the  area  of  gray  matter 
without  unduly  augmenting  the  bulk  of  the  brain.  The  superficial  area 
of  the  cortex  is  alnrnt  200,000  square  millimeters. 

Two  of  the  most  important  Assures  of  the  brain  are  the  Hssun;  of 
Rolando  and  the  Assure  of  Sylvius.  In  relation  with  the  former  lie 
i  are  found  the  great  "  motor  areas"  of  the  brain,  and  in  relation 
with  the  "fadpng"  of  the  latter  is  "Broca's  center"(the  center  for 

ierebi'um  is  the  largest  portion  of  the  braiu.    The 
of  this  viscus  is  theKiercbellnm,  which  conslitutw 
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In  the  brinf  space  at  my  disposal  I  c:m  but  mention  two  ol'tli<^  great 
pbysiolof^ricul  processes  connected  with  the  brain.  Probably  two  of  the 
most  vunspicuouH  activities  of  a  human  being  arc  those  of  intellection 
and  locomotion;  and,  in  consonance  with  this  fact,  we  And  the  two  iK>r- 
tions  of  the  brain  presidiiig  over  these  fiinctious,  the  most  conspicuoas 
and  bulky  segments  of  it.  Theceivbrum  is  the  physical  basis  of  intel- 
lectual processes  and  the  cerebellum  of  locomotion,  in  that  the  latter 
is  tlie  great  coordinating  center  of  the  brain. 

Whether  we  extend  our  studies  along  the  lines  of  phylogeny  or 
ontogeny,  we  will  observe  that  the  rule  is  very  general,  almost  univer- 
sal, that  those  animals  having  the  largest  cerebra  possess  the  greatest 
degree  of  intelligence,  ai>d  those  with  the  largest  t'crebella  are  capable 
of  the  most  varied  and  complicated  motions. 

From  an  ethnological  standpoint  the  si;ie  and  weight  of  the  human 
brain  are  facts  of  great  interest  and  importance. 

The  size  and  weight  of  the  brain  are  capable  of  being  estimated  by 
two  methods,  viz,  the  direct  and  indire^'t.  The  direct  method  is  to 
weigh  the  brain  when  it  is  accessible.  The  indirect  is  tv  ascertain  the 
cubical  capacity  of  the  cranium,  and  then  dedui^e  the  weight  of  the 
brnin  that  once  occupied  it.  This  hitter  method  is  particularly  appli- 
cable in  the  study  of  the  brains  of  ancient  iieoples,  the  skulls  of  which 
have  been  preserved  to  this  time.  The  average  weight  of  the  human 
male  adult  brain  is  1,390  grams.     That  of  the  female  in  1,260  grams. 

The  average  cranial  capacity  of  any  race  can  only  be  iletermiued  by 
careful  esamiiiation  of  a  large  number  of  skulls  classified  according  to 
sex;  for  sex  exercises  a  most  |>otent  influence  over  cranial  capacity, 
often  exceeding  the  difference  of  riwe. 

Tlie  following  are  some  of  the  principal  modifying  conditions  which 
influence  cranial  capacity  and  thence  brain  weight,  viz,  age,  weight  of 
body,  stature,  sex,  race,  vigor  of  intellect,  and  education. 

The  earlier  anatomists  believed  that  the  haman  brain  attained  its 
maximum  development  at  7  years  of  age.  Wo  now  know  that  this  is 
incorrect;  yet  from  extensive  researches  it  has  t>een  ftuiud  that  the 
male  brain  does  actually  reach  flve-sixths  of  its  ultimate  weight  by 
the^end  of  the  seventh  year,  and  in  the  female  ten-elevenths  its  ulti- 
mate weight  at  the  end  of  the  same  period. 

Tlie  average  weight  of  the  brain  undergoes  a  progressive  increase  np 
to  a  point  between  the  twentieth  and  fortieth  years.  The  greatest  ave- 
rage weight  for  the  male  brain  is  reached  at  from  •id  to  40  years. 
Women  reach  the  full  average  brain  weight  from  the  twcniieth  to  the 
thirtieth  year. 

There  is  a  slight  diminution  in  weight  from  40  to  50  years  of  age, 
and  a  still  greater  diminution  from  'At  to  (H)  years.  The  rate  of 
decrease  is  much  greater  after  tJO  years.  In  tlic  eightieth  ye^ir  the 
brain  weight  has  decreased  by  from  80  to  OO  gnims.  "  In  the  agetl, 
brain  weight  and  intelligence  decrease  pari  paaim  "  iThuruamJ. 

DC,  zecbvGtIOgIC 


598  THE  ANTHROPOLOGY  OP  THE  BRAIN. 

It  ban  been  truly  suid  that  there  are  many  esceptioQH  to  this  geoeral 
law,  i-speeially  amoiip  I>eiHiIe  of  culture  and  learoiug,  "'who  often  pre- 
uerve  to  extreme  old  age  all  the  folliiess  and  vigor  of  their  faculties. 

"The  braiu  of  such  meu,  as  the  late  Prof.  Gratiolet  observes, 
remains  in  a  state  nf  perpetual  youth,  and  loses  little  or  none  of  the 
weight  which  belonged  to  it  in  the  prime  of  life"  (Thurnam).  The  ratio 
of  brain  weight  to  body  weight  varies.  In  lean  |>ersoDs  the  ratio  is 
often  as  1:22  to  27;  in  stout  ])ersons  as  1:50  to  KM).  The  human  brain 
is  smaller  in  ci>mpari8on  with  the  body  the  nearer  wan  approaches  to 
Mb  fiill  growth. 

As  to  statui-e,  the  weight  of  the  bruin,  in  both  sexes,  is  relatively 
smaller  in  short  persons  than  iu  tall  ones.  The  difl'crence  between  the 
two  is  about  5  \wr  cent,  t.  e.,  the  brain  of  a  man  of  short  stature  being 
represented  by  05,  that  of  a  tall  man  would  be  1(W, 

The  average  weight  of  the  adult  male  brain  is  about  10  per  («nt 
greater  than  that  of  the  female,  ^or  is  this  difference  due  Ut  the 
difference  iu  stature  of  the  sexes.  The  difference,  as  was  shown  by 
M.  Parchappe,  is  greiiter  than  can  be  accounted  for  in  this  way. 
While  the  stature  of  woman  is  only  8  per  cent  less  than  that  of  mau, 
her  brain  weight  is  10  per  cent  less. 

In  relation  to  this  question  of  the  difference  of  cranial  capacity  due 
to  sex,  it  is  very  interesting  to  note  the  remarkable  fact,  pointed  out 
by  Vogt,  that  the  difference  increases  in  favor  of  the  male  as  the  de- 
velopment of  the  race  proceeds,  so  that  tlie  male  Eumpcan  excels 
much  moi'e  the  female  than  the  negro  the  ncgress. 

In  the  words  of  Vogt,  "The  lower  the  state  of  culture,  the  more 
similar  are  tlie  occupations  of  the  two  tiexes.  Among  the  Australiaus, 
the  Bushmen,  and  other  low  races,  possessing  no  fixed  habitatious,  the 
wife  partakes  of  all  her  husband's  toils,  and  has,  in  addition,  the  care 
of  the  progeny.  The  sphere  of  occupation  is  the  same  for  both  sexes; 
whilst  among  civilized  nations  there  is  a  division  botb  in  physical  and 
mental  labor.  If  it  be  true  that  every  organ  i^streugthened  by  exer- 
cise, increasing  in  size  and  weight,  it  must  e<]ually  apply  to  the  brain, 
which  must  become  more  develo|>ed  by  proper  mental  exennse." 

Le  Bon  has  pointed  out  that  the  difference  existing  t>etweeu  the 
cranial  capacities  of  the  male  and  female  modern  I'arisiaus  is  aluiost 
double  that  which  obtains  between  the  cranial  ca|>acities  of  the  male 
and  female  inhabitants  of  ancient  Egypt.  These  facts  show  the  inti- 
mate, and  mutually  reacting,  relations  of  civilization  and  brain  weight ; 
advancing  civilization  leading  to  increitsed  development  of  the  brain, 
and  tbe  enlarged  brain  making  tlic  people  cupable  of  higher  and 
broader  culture. 

The  average  brain  weight  in  different  ra<tes  of  men  has  mostly  been 

'■''udied  by  the  indirect  method,  i.e.,  by  the  iiivestigatiou  of  cranial 

cities.     Skulls  liaviiig  a  cranial  capacity  of  1.150-1460  cabic  c«nti 

r.s  are  classed  asmesocephalic;  tho-ie  under  1350 cubic  CAutimetera 
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are  microcephalic;    those  above  1450  cubic    ccutimeters  are   mega- 
cephalic. 

Below  are  given  average  brain  weigUto  in  male  adiiUs  of  different 
people: 

Scotch  (Peooock) 1,417 

English  (Peacock) 1,388 

English  (Boyd) 1,354 

GermfinB  (Wogner) 1,371 

French  (Pnrchapiie ) 1,358 

Negroes  (Peacock) 1.2S6 

TtiorDain  says  that  the  average  brain  weight  of  the  male  negro  is 
the  same  as  that  of  the  female  Enropean.     ■    -     - 

What  kind  of  brain  weights  are  fonnd  among  men  of  great  mental 
powers  and  acfiuirementtt T    The  following  table  will  Hhow: 

UraiM  iceigkli  of  dutinguitked  men  ( Thumam). 


Aben-K 

n.t,i» 1 

nsBlcl 

Aea»i 

W..!.Mar 

'^ 

niigiio 

llmn'tt 

(hrcapillon. 

W»l(ht.. 

1     to 

-K- 

\  1       li  t 

'     lia 

1  51" 

UfliliPnmllriati    .. 

-■     ^; 

1,*!W 

rUiliihiifiiit 

J     r.l 

,,.-^ 

A  if  ion  Ul 

1  "-1 

1       -7 

"I 

The  above-named  men  have  Iweii  among  the  lorcinf'st  '.I'lircsentiitivps 
of  human  intelligence. 

The  list  is  very  interesting,  not  only  from  the  fact  tluit  it  includes 
Nome  very  high  brain  weights  (which  we  would  naturally  expect  from 
their  high  intellectual  uttatnmentR),  bnt  nlso  from  the  fa<rt  that  it  in- 
cludes brain  weights  of  four  distinguished  men  wliidi  fall  distinctly 
below  the  average  (1390  grama),  even  when  idlowanco  is  ma<le  for 
atrophy  consequent  uiH>n  age. 

These  facts,  and  many  others  that  can  be  mentioned,  naturally  raise 
the  qnestion,  "Is  there  any  invariable  connection  between  intelligence 
and  mere  weight  or  size  of  brain  T"  Before  answering  this  question 
Tfl  desire  to  cite  a  few  additional  facts. 

Very  high  brain  weights  are  not  only  found  among  men  of  great  in- 
telleetnal  attainments  and  culture,  as  noted  in  the  above  table,  but 
also  among  very  ordinary  sane  individual!!  and  among  epileptics  and 
insane  persons.    Dr.  Bucknitl  reconls  a  brain  weiglit  of  1830  grams  for 
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a  male  epileptic.     Tliis  was  tlie  brain  weight,  it  will  beobNerved,  of  tlie 
celebrated  Cuvier. 

Dr.  Spae  re<;nrd»  tbe  beavie^t  female  brain  weight  ou  record  that  1 
can  find.  The  patient  was  not  epileptic  but  '•  labored  under  a  mooo- 
maDia  of  pride,"  dyiug  at  the  age  of  39.  The  brain  had,  for  a  female, 
the  aatonnding  weight  of  1743  grams. 

The  heaviest  human  brain  on  record,  aa  far  as  I  have  been  able  to 
ascertain,  belonged  to  a  man  who  was  i>erfectly  sane  and  healthy,  bnt 
of  very  ordinary  mentitl  attainments.  The  man  lb>io  whom  it  was 
taken  was  38  years  of  age,  a  bricklayer,  and  died  fh>m  blood  poisoning, 
alter  a  surgical  operation,  in  a  London  Hospital  in  1849.  Dr.  James 
Norris  says  of  this  brain: 

"The  weight  of  the  brain,  taken  immediately  on  removal,  exceeded 
1945  grains.  Thi^<  weighing  was  most  carefully  made,  and  was  wit- 
nessed by  several  students.  The  brain  was  well  proportion^;  the 
convolutions  were  not  flattened,  though  the  snrface  was  fairly  nioist; 
it  only  lost  about  32  grams  weight  after  the  usuhI  dissection  and  drain- 
ing for  two  honrs.  The  man's  height  was  5  feet  9  iiiches,  and  be  was 
of  a  robust  frame.  It  was  difficult  to  obtain  any  Ratisfactory  history 
of  him — his  wile  and  big  landlady  gave  different  accounts.  It  seemed, 
however,  that  he  was  a  native  of  Susses,  England;  that  he  had  left 
^his  native  village  and  changed  his  name  ou  account  of  some  poaching 
'troubles;  thathewasnot  very  sober;  had  a  good  memory  and  was  fond 
of  politics.    He  could  neither  read  nor  write."    ■    -    - 

How  are  these  iacts  to  be  reconciled  with  one  another !  In  this  way. 
It  is  now  universally  held  that  it  is  the  gray  nerve  tissue  in  the  front 
portion  of  the  cerebral  hemispheres  (prosencephalon]  that  has  to  do, 
more  particularly,  with  the  intellectual  activities,  the  white  nerve  tis- 
sue consisting,  essentially,  of  nerve  threads  that  conduct  impulses  to 
and  from  the  gray  matter.  The  nerve  elements,  as  stated  above,  are 
bound  together  and  held  in  place  by  a  form  of  connective  tissue  called 
neuroglia.  Tbe  nettroglia  has  no  connection,  whatever,  with  the  gener 
ation  or  conduction  of  nerve  impulses — it  is  merely  a  supporting  tissue. 
If  this  tissue,  in  consequence  of  disease,  increases  much  in  quantity  it 
may  add  very  much  to  the  weight  of  the  brain — as  occurs  in  epileptics— 
without  uicreasiug  the  gray  matter  whit^h  is  concerned  with  mental 
processes.  In  reality  the  increase  of  neuroglia  decreases  tbe  gray 
matter  and  thus  deteriorates  the  mind. 

Or,  if  thereis  no  increase  iu  the  nenrogha,  there  maybe,  with  a  large 
brain,  an  unduly  small  amount  of  gray  cortex  on  ac«:ount  of  a  compara- 
tively small  numberof  fissures  and  convolutions.  Or,  again,  tbe  cortex 
of  gray  matter  may  not  reach  the  average  thickness.  Or,  the  texture 
of  the  brain  may  be  poor— its  microscopic  elements  feeble  and  poorly 
related  and  correlated. 

Thus  it  may  be  understood  that  a  comparatively  small  brain — one 
below  the  aver^ffi  brain  weight — may  be  capable  of  vastly  finer  and 

itterj^^k  thp^^much  larger  one. 

question,  "  Is  there  any  invariable  connectiui 
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between  iotelligeuce  and  mere  weight  or  size  of  brsint"  we  answer, 
decidedly,  "no." 

Sboald  the  qneBtion  be  asked  whether  a  larger  number  of  niega-ce- 
phaliu  brains  is  likely  to  be  foun<l  among  races  of  bigli  intelligence  and 
cnlture,  we  have  the  answer  of  Le  Bon  einpbatieally  in  the  atHrmative, 
and  it  Ik  in  this  direction,  as  Le  Ron  has  taught  us,  thiit  we  must  look 
for  evidences  of  social  superiority.  As  ilhistratiiig  this  proposition, 
the  following  table  of  percentage  of  Le  Iton  will  prove  very  interest- 
ing and  iostrnctive : 


PercenUist  of  cranial  capacity  in  difftren 


■I  {Ir  Bon). 


Crmnlal 

cpMliy. 

Modern 

■'■iriilau>. 

1200-1300 

00 

ia»-uoo 

IMO-ISOU 

11^3 

IMO-IBOO 

M.7 

i««o-iioo 

18.0 

1700-1890 

e.5 

1800-1000 

5,2 

|"|U™h]j;^ 


In  connection  with  thiii  table  it  is  interesting  to  remember  that  Le 
Bon  Bays;  "The  cranial  capacity  of  the  gorilla  often  reaches  60U  cubic 
centimeters,  Bo  that  it  follows  that  there  are  a  large  number  of  men 
mote  allied  by  volume  of  brain  to  the  anthropoid  apes  than  they  are 
to  some  other  raeu." 

Among  other  things,  this  table  reveals  the  interesting  fact  that  in 
the  course  of  seven  hundred  years  of  advancing  civilization  the  aver- 
age Parisian  iTanial  capacity  has  distinctly  increased  in  volume.  -  • 
It  may  be  well  to  state,  in  conclusion,  that  Broca  estimated  that  a 
brain  in  the  male,  weighing  1,049  grams,  is  the  lowest  limit  compati- 
ble with  ordinary  humanintelligence;  in  the  female !H)7  grams.  Human 
beings  with  brain  weight's  lower  than  Broca's  ligures  are  idiots,  etc. 
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THE  BIRTH  OF  INVENTION." 


By  Otis  T.  Mason. 


In  this  apotheosis  of  iovention  and  inventors,  to  tne  has  been  aasigued 
the  pleasing  task  of  leadiug  you  back  for  a  few  moments  to  the  cradle 
of  humanity.  Those  are  happy  hours  to  moat  of  U8  when  we  recall  the 
(lays  of  cbildbood.  To  trace  the  lives  of  celebrated  men  and  women 
to  the  springs  of  their  moral  and  intellectual  power  brings  never-fading 
delight.  To  study  the  rise  and  progress  of  a  nation  or  any  social  unit 
is  worthy  of  esalted  iniuds.  But  the  most  profitable  inquiry  of  all  is 
the  search  for  the  origin  of  epoch-inaking  ideas  in  order  to  comprehend 
the  history  of  civilization,  to  conjure  up  those  race  memories  in  which 
each  people  transmits  to  itself  and  to  posterity  its  former  experiences. 

Every  invention  of  any  importance  is  the  nursery  of  fiitnre  inven- 
tions, the  cradle  of  a  sleeping  Hercules.  But  my  task  ia  to  speak  of 
primitive  man  and  hia  efforts. 

It  will  aid  na  in  prosecuting  our  journey  backward  to  orient  ourselves 
with  reference  to  the  present.  For  two  days  we  have  listened  to  the 
eloquent  papers  of  my  predecessors,  written  to  glorify  the  nineteenth 
eeutary.  Through  thia  faculty  of  invention  the  whole  earth  is  man's. 
There  is  not  a  lone  island  flt  for  bis  abode  whereon  sonic  Alexander 
Selkirk  has  not  made  a  home.  Every  niiuei'al,  plant,  and  animal  is  so 
fu  known  tbat  a  place  has  been  found  for  it  in  bis  Spatema  Nafurtf. 
Every  creature  is  subject  to  man;  the  wind^,  the  seas,  the  sunshiuei 
the  lightning  do  his  bidding.  Projecting  his  vision  beyond  his  tiny 
planet,  this  inventing  animal  ha.s  catalogued  and  traced  the  motion  of 
every  star. 

Bnt  his  crowning  glory  (which  always  fills  mc  with  admiration)  is  bis 
ever  increasing  comprehensiveness.  After  r-enturies  of  cultivating 
acqnaintaiice  with  the  discrete  phenomena  around  him,  be  has  now 
Htriven  to  coordinate  them,  to  make  tbem  organic,  to  read  system  into 
them.  He  has  learned  by  degrees  to  comprehend  all  things  as  parts  of 
a  single  mechanism.  Sir  Isaac  Kew  ton  and  Kepler  conceived  all  ob>iects 
and  all  worlds  to  be  held  by  universal  gravitation.  And  thus,  in  our 
centary,  von  Baer  and  Humboldt  taught  that  the  world,  in  all  its  forcea 


'  Ad  ftddress  on  the  occaaion  of  the  ceotennial  reiubrntion  of  tlie  orgfinizntion  of 
tiM U.  3.  Patent  Office;  delivend  In  WasbiUKton.  Prtusteding*  and- Addreiia,  1891, 
pp.  403-112. 
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and  iiiiiterials,  iis  an  integrated  cosmos.  Anyone  who  i.s  tbe  least 
familiar  with  tlie  progress  of  philosophy  will  recall  that  since  tbe  dawn 
of  written  history  the  thoughts  of  men  were  tending  to  this  uoiflca- 
tiou.  Shortly  after  this  first  effort  at  <-oinpi-ehcii8ive  unity  Mayer, 
Bamford,  and  Joule  invented  the  metliods  of  denioiistr»ting  the  ODeneita 
of  physical  forces,  the  conservation  of  energy.  Wollaston,  Kirchoff, 
and  Bausen  devised  the  delit^ate  upjiaiutiiH  to  prove  the  chemical 
identity  of  all  worlds.  Lamamk,  Geoffroy  St.  Hilaire,  and  Darwin 
taught  the  cousangtiiuity  of  all  living  beings,  Hetmholtz  and  Meyer 
coordinated  nervous  excitation  with  mental  activity.  Cointe  aitd 
Spencer  grasped  the  unity  of  all  sensible  phenomena.  Xewton,  Leibnitz, 
and  Hamilton  projected  their  miinls  beyond  phenomena  and  invented 
mathematics  of  four  or  more  dimensions,  conceiving  of  worlds  anS  sys- 
tems that  under  the  present  order  of  nature  can  have  no  objective 
reality.  Over  all  this,  into  many  great  souls,  have  come  the  notions  of 
infinite  space  and  time  and  cautsation.  The  idea  of  limitation  to  thoa^t 
or  achievement  no  longer  enters  the  imagination.  The  depth  of  tbe 
sea,  the  distances  of  the  stars,  the  concealment  of  the  earth's  treasures, 
the  minuteness  of  the  springs  of  life  and  sense,  the  multiplicitj-  and 
complicity  of  phenomena  are  only  so  many  incitements  to  greater 
achievements.  The  daring  souls  of  this  decade  are  determined  at  any 
risk  to  answer  the  iuqairy  of  Pontius  Pilate,  What  is  truthf  With 
sympathetic  enthusiasm  we  wave  them  on,  bidding  them  God-speed. 
I  But,  I  ask  yon  now  to  forget  all  this  and  go  with  me  to  that  early 
I  day  when  the  first  being,  worthy  to  be  called  man,  stood  upon  this 

/  earth.     How  economical  has  been  his  endowment.    There  is  no  hair  ou 

/  his  body  to  keep  him  warm,  his  jaws  are  the  feeblest  in  the  world,  his 
/     arm  is  not  eqaal  to  that  of  a  gorilla,  he  can  not  fly  like  the  eagle,  be 

\     can  not  see  into  the  night  like  the  owl,  even  the  hare  is  fleeter  than  he. 

\  He  has  no  clothing,  no  shelter.  He  had  no  tools  or  industries  or 
\experience,  no  society  or  language  or  arts  of  pleasure,  he  had  yet  no 
\ieory  of  life  and  poorer  conceptions  of  the  life  beyond. 

The  road  from  that  condition  te  our  own  lies  next  to  the  infinite. 
The  one  en<h>wment  that  this  creature  possessed  having  in  it  the 
promise  and  potency  of  rII  fdture  achievements,  was  the  creative 
spark  called  invention.  The  supeiabundant  brain,  over  and  above  all 
the  amonnt  required  for  mere  animal  existence,  held  in  trust  the  possi- 
bilities of  the  future,  and  stampeiUipon  man  the  divine  likeness.  Tbi» 
naked  ignoramus  is  the  father  of  tlie  clothed  philosopher,  looking  out 
into  infinite  space  and  time  an<l  causation.  It  may  give  you  pleasnre 
to  know  something  alK)ut  the  connections  between  these  two  and  the 
witnesses  to  these  connections. 

There  are  five  guides  whose  services  we  have  to  engage  on  our  inter- 
esting journey.  The  first  is  history,  who  does  not  know  the  way  very 
far  back — not  over  three  thousand  years — with  much  certMnty.  The 
second  is  philology,  the  study  of  which  in  oar  own  century  has  eoft- 
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bled  us  to  Hod  the  ciadlv-laiid  of  maiiy  pnipleH.  Tbe  third  is  folk-lore, 
the'Burvival  of  belief  and  custom  ainoog  the  uiiedu<'at«d.  The  fourth 
is  archa'ology. history  wi-ittcn  in  thingtt.  The  fifth  is  ethnologj,  which 
iDforms  na  thnt  in  describing  this  arc  of  civili/.atiuii  some  race»  have 
ojily  minked  time,  while  othershave  moved  with  radii  of  varying  lengths. 
The  result  of  this  ia  that  we  now  have  on  the  earth  types  of  every  sort 
of  culture  it  has  ever  knowu.  At  the  present  luomenf,  within  hailing 
distance  of  yonder  most  beautiful  dome  in  the  world  dwell  all  these  wit- 
iie-sses — tbe  relics  of  the  xtoneage,  the  Indian  village  of  Naeoehtank  or 
Auacostia,  the  folk-lore  of  both  continents,  and  the  lit^'ratnres  of  the 
world.  While  you  are  listening  to  the  encominmsof  our  decade,  pala>- 
olithic  man  sends  in  the  testimony  of  his  handicraft,  the  Sinillisoniau 
lustitutiou  treasures  the  inventions  of  the  most  primitive  races,  and  the 
Bureau  of  Ethuology  unravels  the  mysteries  of  savage  tongues. 

As  the  fragment  of  a  speech  or  song,  a  waking  or  a  sleeping  vision, 
thedreani  of  a  vanished  liand,  a  draught  of  water  from  a  familiar  spring, 
the  almost  perished  fragrance  of  a  preswd  flower,  fall  bac^k  the  singer, 
tlie  loved  and  lost.  The  love<l  and  won,  the  home  of  childhood,  or-  the 
parting  hour,  so  in  the  same  manner  there  linger  in  this  crowning 
de«ade  of  the  crowning  century  bits  of  ancient  ingenuity  which  recall 
to  a  whole  people  the  fragrance  and  beauty  of  its  past. 

From  the  testimony  of  these  five  witnesses  we  learn  that  there  never 
was  a  time  when  man  was  not  an  inventor — never  a  time  when  he  had 
not  some  sort  of  ])i)t«nt  on  his  invention.  They  aftirm  that  every  art 
of  living  and  all  the  arts  of  pleasure  were  born  in  the  stone  age;  that 
graphic  art,  sculpture,  architecture,  painting,  music,  and  the  drama 
bad  their  childish  prototyjies  in  that  early  day;  that  language  i»  one 
of  the  very  earliest  of  inventions,  the  vehicle  of  savage  oratory,  philos- 
ophy, and  science.  They  aflirni  that  society  has  lieen  a  scries  of  inven- 
tions from  the  first;  thnt  legislation,  justice,  government,  property, 
exefaange,  commerce,  have  not  spning  oat  of  the  ground,  but  within  our 
deflnitiou  are  inventions.  And  eveu  the  creeds  and  cults  of  mankind, 
whatever  view  you  may  take  of  the  divine  element  underneath  them, 
have  been  thought  out  and  wrought  out  with  infinite  pains  from  time 
to  time  by  earnest  souls.  But  they  had  tlieir  origin  in  thecradlelaiid  ami 
ill  the  infancy  of  our  race.  WhatwecnJ€)y  is  only  the  full-blowu  flower, 
the  jierfeeted  fruit  of  which  they  ijossessed  the  germ.  I^et  me  enforce 
this  idea,  as  we  glorify  the  material  prosperity  of  the  nineteenth  cen- 
tury, that  many  centuries  ago  men  sat  down  ai 
sorrow  invented  the  language,  the  art,  the  indi 
which  made  our  machines  feasible  and  desirabl 

There  is  no  conflict  between  the  testimony  of 
doctrine  commonly  tiiught  that  men  do  not  i 
gnagee,  but  fall  into  them.  Reflect  a  uutmeni 
hfe  and  you  will  recognize  two  sets  of  activity 
nate  and  those  in  which  you  Ibllow  suit.    Anil  ^ 
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tiuit,  Rud  to  a  very  limited  extent  can  originate.  But  it  is  tlt«  apark 
of  origiDality  which  underUes  eTwy  thoaght  or  device  in  this  woriiL 
.  Ab  one  man  invents  a  machine  and  others  by  tliousands  fall  into  the 
nse  of  it,  a^  tbe  mnaician  coniposea  a  song  and  millions  sing  it,  no  was 
it  in  the  cradle-land  of  humanity  the  inventor,  touched  with  fire  from 
the  divine  altar,  set  new  examples  to  be  followed.  If  we  were  to  inter- 
rogate our  lire  witnesses,  particularly  with  reference  to  the  ancestry, 
the  family  tree  of  the  notable  inventions  of  the  nineteenth  century, 
their  answer  would  be  somewhat  as  follows;* 

The  ancestor  of  the  steam  plow  is  the  digging  stick  of  savagery,  a 
branch  of  a  tree  sharpened  at  tbe  end  by  fire;  the  progenitors  of  tbe 
steam  harvester  and  thresher  were  the  stone  sickle,  the  roasting  tray, 
or,  later  on,  the  tribulnm. 

Tbe  cotton  gin  and  imwer  loom  are  among  the  wonders  of  car  age. 
Yet  in  that  day  of  which  we  are  speaking  human  fingers  wrought  the 
textile  from  first  to  last.  They  gathered  the  bark  or  wool,  colored 
them  to  suit  the  primitive  taste,  spun  and  wove  them  with  simple 
apparatus,  and  left  upoa  tbe  fabric  patterns  that  are  tbe  despair  of  all 
modern  machine- makers — pattems  that  are  a  pleasure  to  the  eye  by 
their  infinite  variety,  replaced  in  modern  fabrics  by  a  dreary  monotony 
that  awakens  pain  instead  of  pleasure. 

The  first  sewingmaehine  was  a  needleor  bodkin  of  bone,  with  dainty 
sinew  thread  from  the  leg  of  the  anteloixs  and  for  thimble  a  little 
leather  cap  over  the  eu<U  of  the  fingers.  Coarse,  indeed,  tbe  appara- 
tus, but  the  band  was  deft,  the  eye  was  true,  the  sense  of  beauty  was 
there,  and  so  that  needlewoman  of  long  ago  wrought  in  fur  &om  tbe 
mammals,  feathers  from  the  birtls,  grasses  from  the  fields,  shells  from 
the  sea,  wings  from  the  beetle,  and  skins  of  snakes  with  tastefnl 
geometric  figures.  You  do  err  who  think  those  ancient  needle-woinea 
had  no  taste.  It  would  be  hard  to  invent  a  pattern  now  that  was 
unfamiliar  to  them. 

The  first  engine  was  run  by  man  power,  then  man  subdued  tbe  horse, 
tbe  ass,  the  camel,  and  invented  engines  for  tbo.so  to  proi)el.  He  next 
domesticated  the  winds,  the  waters,  the  steam,  the  lightning,  hnt  tbe 
first  common  carriers  and  machine  power  were  men  and  women.  The 
flrst  burden  train  was  women's  backs;  the  first  passenger  car  was  a 
papooi^e  frame. 

The  poetry  of  today  is  tbe  fa<:t  of  yesterday ;  the  dream  of  yesterday 
is  tbe  fact  of  to-day.  When  the  savage  woman  a  century  or  two  ago, 
upon  this  very  s]>o(,  strapped  her  dusky  ofTspring  to  a  rude  frame,  huoj; 
it  upon  the  nearest  sapling  for  the  winds  to  rock,  or  lifted  the  nnlbi- 

*  We  ought  to  reineiiibcr,  however,  that  nii  hivpntioD  i»  not  olx'Bys  a  thing  i  ^^^ 

that  it  may  be  any  Berieaof  actlona  cimiliiclug  toirunl  huiup  iiew  cud.    Weshoald  ktef 

in  niiiid,  alxo,  that  nit  our  activities  involve  materials  ami  their  ijiialitiM;  humao, 

'  physical  rorres;  toolx  and  machiues;  processes,  aud  {iruducts;  and  Uui 

ly  take  place  i«  auy  or  all  of  thesfe  ,  .  , 
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taiiate  suckling  frum  the  ground  to  wliicli  it  liad  bveii  litined  by  the 
bendiug  of  au  unsafe  bongli,  tliat  wa»  a  fact,  a  sl^ge  in  tbe  liistovy  of 
iuvcntioii.  In  our  uow-nclaya  wnicliea  of  down,  swmig  from  gilded 
liiuges,  wc  liave  got  far  ahead  of  tbe  papoose  cradle,  the  memory  of 
trbich  we  ]«rpetiiate  in  niir-sery  rhyniea  wang  to  children,  who  wonder 
nhy  babies  should  be  bung  in  the  tops  of  trees  aod  think,  doubtless, 
-that  the  falling  cradle  waH  a  jmit  retribation  on  tbe  silly  parentn. 

What  is  more  beantifnl  than  an  ocean  steamer,  with  skin  of  steel 
drawn  over  ribs  of  steel  and  closed  above  against  tbe  intrusion  of  tbe 
wavesi  Have  yon  never  seen  tbe  picture  of  the  Eskimo,  still  in  the 
stone  age,  wbo,  over  a  framework  of  driftwood  or  whale's  rib,  stretches 
a  covering  of  sealskin  and  learned  therein  to  defy  tbe  waves  hundreds 
of  years  ago?  ^ —  — >   - 

Only  now  and  then  the  angry  sky  was  lighte<l  for  the  primitive  man 
by  electricity,  and  even  then  it  tille4  him  with  terror.  But  it  was  be 
that  invented  the  apparatus  for  conjuring  from  dried  woo<I,  by  a  rude  i-:^ 
sort  of  dynamo,  the  Promethean  spark.  It  was  our  Arj'iin  ancestors 
that  paid  their  devotions  to  tbe  rising  snii  by  kindling  fresh  tire  every 
morning  as  the  orb  of  day  flashed  his  first  beam  across  the  earth. 

Who  has  not  read,  with  almost  breaking  heart,  the  story  of  Palissy, 
the  Iluguenot  pottert  But  what  have  our  witnesses  to  say  of  that 
long  line  of  humble  creatures  that  conjured  out  of  propheti(;  clay,  with- 
ont  wheel  or  furnace,  forms  and  decorations  of  imperishable  beauty 
vhicb  are  now  being  copied  in  glorified  material  in  the  best  factories  of 
the  world!  In  ceramic  as  well  as  in  textile  art  thefirst  inventors  were 
women.  They  qaarried  tbe  clay,  manipulated  it,  constructed  and 
decorated  the  ware,  burned  it  in  a  rude  furnace,  and  wore  it  out  in  a 
hundred  uses. 

He  bad  no  printing  press,  but  be  could  tie  knots  in  a  marvellous 
lashion  and  write  letters  on  bark  or  on  bits  of  raw  hide  and  leave 
memorials  of  himself  in  the  book  of  stone.  He  made  words  and  sen- 
tences, invented  language,  developed  artistic  forms  of  speech  handed 
down  to  ns  in  the  eloquent  harangnes  of  bis  sages.  He  breathed  hia 
thoughts  rn  poetry,  a  kind  of  childish  rhythm. 

In  the  time  of  which  we  now  are  speaking  the  telegraph  was  a  series 
of  signal  flres  and  a  wonderful  code  of  signs,  which  a  distinguished 
Bcholarof  our  city  has  just  unravelled. 

Primitive  man  developed  the  art  of  war,  means  of  offense  and 
defense;  weapons  of  iwicussion,  for  cutting  and  thrusting;  projectiles, 
armor,  fortification,  strategy. 

Nowhere  has  man  pressed  his  band  so  effectively  upon  nature  as  in 
the  domestication  of  animals.  It  is  almost  incredible  that  ravening 
wolves  and  merciless  felines  should  become  faithful  dogs  and  purring 
cats;  that  the  wild  sbeeji  and  goat  should  descend  from  their  ins^cces- 
sible  fastnesses,  and  yield  their  fleeoi'  and  flesh  and  inilk ;  that  horses, 
^Mett,  camels,  elephants,  should  be  induced  to  lend  tbeir  backs  and 
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limbs  to  lighten  the  loadK  of  the  first  common  carrier.  This  processor 
impressing  his  own  ijualities  on  wild  creatures  began  very  early  iii  his- 
tory, and  has  continued  uniteixuptedly  from  first  to  last.* 

Hi»  affairs  of  state  wore  managed  through  his  patent  system.  The 
great  inventors  were  made  the  rulers  of  the  people,  and  his  highest 
title  to  nobility  was  a  most  puissant  and  ingenious  one. 

He  had  courts  of  justice,  heard  witnesses,  executed  his  laws.  It  is 
true  that  the  methods  were  summary,  when  a  chan(;ery  suit  was  settled 
by  execution  on  the  same  day  as  the  death  of  the  devisor.  But  out  of 
his  struggles  came  oor  methods,  and  the  greiitest  drawback  to  secar- 
ing  justice  now  is  the  survival  o^  hia  antiquated  customs  into  our  new 
practices. 

He  invented  philosophies  and  sciences,  exi)laiue<l  the  universe  and 
himself  to  himself.  This  seems  pnerile  now,  but  it  was  the  beginning 
of  all  our  own  speculations,  necessary  to  us  at  present,  but  which  will 
tomorrow  become  folklore.  Over  and  over  again,  those  who  preceded 
me  on  this  platform  have  pointed  to  James  Watt  as  the  true  deliverer 
of  mankind.  Far  be  it  from  me  to  take  one  leaf  from  his  laurel  crown; 
bnt  the  inventor  of  the  alphabet,  of  the  decimal  system  of  notatiou, 
of  representative  government,  of  tlie  golden  rule  in  morality  were 
greater  than  he. 

For  the  dream  in  stone  and  carving  and  decoration  called  a  eatbedral, 
"Whtre,  tbrongh  long-ilrawii  aisle  nud  fretted  vnult, 
The  pealing  untbem  ewellH  the  notes  of  praise," 

that  early  day  has  only  to  offer  wild  shouts  in  unison  under  the  starlit 
dome,  touched  by  the  first  childish  aspirations  after  the  divine,  or 
hopes  of  immortality. 

While  yon  look  with  admiration  upon  these  panoramas  of  progreRs 
you  can  not  have  failed  to  observe  on  the  canvas  that  the  art,  the  proc- 
ess and  rewards  of  inventing  itself,  have  undergone  the  very  same 
development  and  improvement  as  the  thingsinventtMl.V  There  is  in  this 
a  marvellous  similarity  to  the  life  processes  of  animals  and  plants.  The 
homogeneous  yolk  of  the  egg  during  incubation  becomes  wotiderfitUy 
complex  and  heterogeneous ;  bnt  all  of  these  diverse  i>arts  come  together 
into  a  higher  unity,  in  which  each  organ  ministers  to  the  good  of  all. 

*lu  a  SstDTd&y  lecture  (leli\'i.Ted  iu  the  National  Muaeam,  Hsrcli  18,  1882,  tha 
anthor  songht  to  cuiiiliiue  tlie  reeult  of  Morgan's  culture  stages,  being  sevan,  with 
the  work  of  Klemm,  Tylnr,  I.nne  Pox,  and  Spenoer,  who  hod  treftt«d  Heparate  arts 
troxo  an  eTolntionary  or,  I  should  say,  an  inventional  motive.  This  anj  one  in»y 
rejicat  for  himself  by  ruling  a  broad  sheet  of  pftpet  into  eight  colnmiis.  At  the  (op 
nf  the  seveTal  cohiDiua  write  the  words  of  Horgao,  or,  Iwtter,  the  first-seven  Bomui 
niiineralH.  In  th&,rinfH  down  the  left-hand  margin  write  any  words  yon  chooM  to 
exiiniino,  say  miunc  or  ireapunt.  The  seven  stages  of  music  or  of  weapons  wonld 
a[ipear  by  reading  across  tlie  sheet  from  leit  to  right.  Care  shonld  be  takea  not  to 
confound  the  Bpet'ii'S  of  the  same  thought,  for  example,  hraialDg,  piei«iDg,  or  slash- 
ing weapoDSi  or  string  musii;,  with  reed  music  or  horn  music.  A  Mhlo  mftde  ihoa 
for  uU  ttctivities  would  be  au  iudei:.  of  all  t'ultare  in  all  time. 
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Tbe  earliest  invention  wa8  a  single  liomogeneouH  art,  au  original  suggen- 
tion,  it  happy  thought.  Tlie  patent  on  thin  wiih  an  immediate  and  indi- 
vidnal  benefit,  A  sharper  knife  of  flint,  a  bt'tfer  scrai>cr,  a  longer  | 
Npear,  a  stouter  thread  wrought  better  and  the  reward  was  nioie  e.ve- 
cation.  Now,  the  man  who  made  tbe  best  weaiHtns  hilled  tbe  moat 
game,  from  that  game  he  got  better  food,  tbat  food  iimdc  him  stronger, 
that  strength  made  him  chief,  that  chieffaincy  gave  him  more  wives, 
more  children,  more  cohorts  to  supiwrt  his  throne.  The  best  woman 
to  cook  or  sew  or  carry  Ir)a«ls  got  th((  best  husband ;  that  was  her  pat- 
ent. From  these  simple  methods  of  inventing  and  rewanling  invention 
we  come  on  t<i  tbe  Olympic  games,  the  monopolies,  the  patent  system. 
And  now,  in  tbe  inventor's  laboratory  of  Graham,  Bell,  or  Edison  the 
climax  is  reached,  where  one  uiacbtne  is  the  co-oi»enitive  result  of  any 
number  of  trained  minds,  and  the  reword  is  meted  out  to  each  by  tbe 
luannfactnrer;  or,  in  this  Patent  Congntss  itself,  we  may  have  a  still 
more  highly  organized  unit,  wherein  the  inventors  of  America  l>ccomea 
body  social,  and  together  shake  hands  under  the  sea  with  tlie  Emperor 
of  Germany,  who  sends  his  congratulations  today  on  the  occasion  of 
mr  meeting. 

The  law  of  progress  in  the  development  of  the  thing  invented,  of  the 
process  of  mind  and  haiul  in  the  act  of  inventing,  of  the  reward  ])aid 
to  the  inventor,  of  the  changex  in  soiriety  itself  through  the  invention, 
is  fi'om  the  homogeneous  to  the  heterogeneous,  as  Herbert  Hpeneer  has 
well  indicated.  This  applies  to  the  uses  of  materials,  the  c^iiiquest  of 
natural  forces,  the  development  of  the  qualities  of  things,  the  jierfec- 
tion  of  the  instruments  and  modes  of  a|iplying  them,  and  the  wanb:) 
which  ai'e  gratified  and  to  be  gratified  by  tbe  finished  products^ 

Tlie  gniat  classes  of  industry  that  you  arc  trying  ever  to  ftrrve  are 
one  and  all  your  iM'r[M!tUiii  debtors.  Producers,  like  farmer.-',  fisher- 
men, 1uml>er  men,  miners,  breeders,  or  hunters,  have  passe<l  through  the 
foregoing  si^hooi  of  cvperience. 

No  less  indehte<l  to  you  for  lifting  their  burdens  are  the  common 
curriers  of  the  world,  since  you  have  trained  the  winds,  the  waters,  tbe 
iuiimal  kingdom,  to  undertake  for  mankinil  Journeys  that  wonid 
have  utterly  discouraged  them.  It  i«  easy  to  show,  in  fact,  that  the 
common  carrying  organizations  are  as  much  an  evolution  or  elaboration 
J*8  the  tools  they  use. 

But  what  shall  J  say  of  the  manufaeturer — his  methoiLs,  his  rewards, 
hia  guilds,  his  interest  in  politicsf  Pnri  passu  with  those  efficient 
tools,  that  complicated  machinery  in  his  hands  and  aliout  him,  he  him- 
Bclf  hits  been  inventeil.  He  is  no  longer  like  the  primitive  artisan  who 
struck  the  first  Hakes  fi-om  ))rittle  stone,  lie  is  in  touch  with  many 
others,  who  together  with  hiniconstitutethebighernnit  of  an  organized 
factory  or  association  of  factories.  It  was  once  said  that  it  takes  nine 
lailors  to  make  a  man,  but,  surely,  it  takes  nine  hnndied  nu-n  and 
women  to  make  a  suit  of  clothes,  or  a  bouse,  i>r  a  IrK^omotive.  The 
ir.  Mis.  114 ;S!> 
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co-ordinatiou  aud  organization  of  these  iiiduatrial  i-oliortK,  I  tiffinii  and 
repeat,  is  iavention  of  the  highest  order.  There  are  no  letters  pateut 
^u  them.  They  oDJoy  natural  patents,  that  in,  by  selection  and  the 
Bnrrival  of  the  fittest;  those  who  do  the  best  and  work  together  the 
best,  get  tlie  reward. 

The  commerce  of  the  world  is  an  excellent  example  of  invention 
affecting  men  as  well  as  their  tools.  Merchants  and  bankers,  ex- 
changers of  goods  and  exchangers  of  the  prices  of  goods,  have  beeo 
also  invented.  It  would  hardly  be  affirmed  that  this  world-encircling 
current  of  activity  called  trade  had  come  about  by  merely  following 
suit  or  following  the  fashion.  Were  that  so,  Wall  street  bankers  and 
New  York  merchants  would  now  be  standing  Jiaked  on  the  shores 
of  Manhattan  Island  bartering  peltiivjs  for  lOams.  Patent  Congresses 
wonld  never  have  been  thought  of,  and  this  essay  would  not  have  been 
written.  At  first  every  man  was  his  own  exploiter,  carrier,  mauofiw;- 
tarer,  merchant,  banker,  and  customer.  Bat  now  all  men  are  servants 
of  all  men.  By  a  system  of  credits  only  one  one-thousandth  ])art  of 
the  world's  business  is  done  for  cash  or  barter.  The  human  si>ecie!<, 
regardless  of  race  or  language  or  education ,  has  become  a  universal  com- 
bine for  mutual  helpfulness.  And  this  combine  has  more  parts  playing 
into  parts  and  wheels  working  into  wheels  than  may  lie  seen  in  a  vast 
cottou factory.  AH  this  is  tlie  lesultof  exi^ogitation,  of  invention.  The 
trader  is  the  son  of  the  trapper,  the  storekeeper  is  the  son  of  thc 
trader.  In  the  direct  line  come  the  retailer,  the  wholesaler,  the  Hnn, 
the  importer,  the  trust.  The  gatherer  of  cowries  is  the  father  of  the 
wampum  maker,  and  the  son  of  the  latter  is  maker  of  metallic  slugs 
bearing  the  stamp  of  a  domestic  beast;  his  s<m  issued  the  first  coin», 
and  the  family  tree  brings  you  straight  down  to  the  liotlischilds,  who 
have  handled  at  least  once  all  the  money  of  the  world. 

Now,  what  have  I  to  say  about  the  consumer,  who,  after  all,  is  said 
by  doi'trinaires  to  pay  all  the  hillsl  The  consumer  also  has  been 
invented,  from  my  point  of  view.  Tlie  first  consumer  wore  out  little 
clothing,  dwelt  in  an  inexpensive  habitation,  and  his  bill  of  fare  waa 
limited.  Uis  service,  equipage,  variety  of  enjoyments,  were  circaiii- 
scribed.  Can  you  think  ofany  one  so  bereft!  In  our  cities,  if  wefouDd 
wandering  about  a  j>erson  so  poorly  enilowed.  tmr  hearts  would  be  filled 
with  commiseration.  Now,  from  that  man  to  iiny  successful  modern, or 
more  correctly  to  our  whole  modem  time  combined,  is  the  road  alimg 
which  consumers  have  been  invented.  The  kinds  of  wants  have  been 
retiued  and  increased  in  number.  Each  want  has  l>ecomemoreexa«;tiDg 
and  discriminating.  Intellectual,  social,  lesthetic,  moral,  and  political 
wants  have  been  created.  And  these,  not  in  single  persons  only,  bat 
there  have  been  comi>o.-iite  wants,  world- embracing  wants  and  ambi- 
tions thcnight  out,  whose  gratificat  ion  come  to  human  beings  in  families, 
clulis,  guilds,  corporations,  cities,  congi-esses,  nationalities,  and  iutema- 
tionalities.  And  these,  consuming  what  they  have  prodnce«l,  find  tbat 
the  earth  is  inexhaustible. 
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We  are  a»sembled  to  glorify  the  flret  century  of  American  patents. 
A  few  moiiths  Ago  the  disciples  of  Daguerre  met  in  our  city  and  set  up 
iit  the  National  MuHcuni  a  monument  to  the  Inventor  of  pliotograpliy. 
I  do  uot  know  that  there  is  another  memoriiil  in  America  to  an 
inventor.  There  is  no  better  way  to  insure  for  posterity  the  recollec- 
tion of  this  day  than  by  stimnlating  among  the  great  industries  the 
desire  to  continue  this  good  work  (»f  memorializing  their  founders. 
Perhaps  yon  may  uot  build  your  monument  of  stone  or  bronze;  you 
may  set  up  a  library,  yon  may  solicit  a  comer  in  the  National  Museum 
or  Congressional  Library,  or  you  may  secure  a  better  Patent  building. 

In  our  public  places  we  set  up  statues  of  the  destroyers  of  mankind 
and  erect  monumeuts  in  our  national  cemeteries  to  the  anonymous 
dead.  When  we  go  to  hang  garlands  upon  the  eulogium-bearing 
tombs  we  do  not  forget  to  scatter  dowers  upon  the  mausoletun  of  the 
unknown. 

We  can  nut  gather  from  the  four  corners  of  the  world  the  bones  of  all 
the  great  inventors  and  honor  them  with  a  costly  burial.  Even  their 
names  have  perished  from  the  records  of  mankind,  hut  their  works 
endure.  What  better  can  we  do  than  to  gather  these  and  gnard  them 
in  oar  great  museums,  mute  witnesses  of  auti»iuated  arts.  I  can  imag- 
ine these  anonymous  inventors  looking  upon  us  to-day  and  glad  of  this 
tardy  recognition  of  their  vicarious  sufferings. 

With  loving  reccoUection  of  your  labors  I  pluck  a  dower  from  my 
heart  and  strew  its  petals  over  your  neglected  graves: 
III  freta  dum  fluvii  current,  diiui  moutibDn  umbrm 
IiiBtrahuiit  couvexu,  polux  duiu  iidi-ni  pascct, 
semper  honoa  nomeni|ue  tunm  Iniidenque  uisnebiiut, 
qiiie  mr  ciimqiie  vocaDt  tvrTH'.  ^neid,  I,  607. 
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AMERIOAil  INVENTIONS  AND  DISCOVERIES  IN  MEDICINE, 
SURGERY,  AND  PRACTICAL  SANITATION.* 


By  John  S.  Billinus,  M.  D. 


In  connection  with  tliis  celebration  of  a  century's  work  of  the  Amer- 
can  patent  system,  I  have  been  requested  by  the  advisory  committee 
to  prepare  a  brief  paper  npon  inventions  and  discoveries  in  medicine, 
Borgeiy,  and  practi<'al  sanitation,  with  special  refereiKX  to  tbe  progress 
that  has  been  made  in  this  coantrj'  in  these  branches  of  science  and  art. 

It*would  be  impossible  to  present  on  tbis  occasion  snch  a  summary 
as  would  1m;  of  any  special  interest  or  use,  of  tLe  progress  which  has 
been  made  in  medicine  and  sanitation  during  the  century,  either  by 
the  world  at  large  or  by  American  physicians  and  sanitarians  in  par- 
ticular; and  I  shall  therefore  confine  my  remarks  mainly  to  tbe  progress 
which  has  been  made  in  these  branches  in  connection  with  mechanical 
inventions  and  new  chemical  combinations  devised  by  American 
inventors — whicli  will  reijnire  much  less  time. 

The  application  of  the  patent  system  to  medicine  in  this  country  has 
had  its  advantages  for  certain  }>eople,  has  given  employment  to  a  con- 
siderable amount  of  capital  in  protluctiou  (and  to  a  much  larger  amount 
iu  advertising),  has  contribute<l  materially  to  the  revenues  of  tbe  Gov- 
ernment, and  lias  made  a  great  deal  of  work  for  tlie  medical  profession. 

So  far  as  I  know,  but  one  complete  system  of  medicine  has  been  pat- 
ented in  this  country,  and  that  was  the  steam,  Cayenne  ]>epper,  and 
lobelia  system — commonly  known  us  Thomsonianism — to  which  a  patent 
was  granted  in  183G.  The  right  to  practice  tliis  system,  with  a  book 
describing  the  methods,  was  sold  by  the  patentee  for  $20,  and  perhaps 
some  of  you  may  have  some  reminiscences  of  it  connected  with  your  boy- 
ish days.  I  am  certain  I  shall  never  forget  the  effects  of  "  composition 
powder," or  of  "number  six,"  which  was  essentially  a  concentrated 
tincture  of  Cayenne  pepi>er,  and  ouedoseof  which  was  enough  to  make 
a  t>oy  willing  to  go  to  school  for  a  month. 

From  a  report  made  by  the  Commissioner  of  Patents  in  1840,  it  appears 
that  86  patents  for  medicines  had  been  granted  up  to  tliat  date;  but 

'An  adtln-HH  on  tin-  ocrasiiiii  of  the  centfiiiiiiil  i-i!lcbratiim  ol'  tlm  »ri,'aaizatl(in  of 
the  V.  fi-  Pnteiit  Ollice-  dcliiereil  in  WaHliiugton.     I'rocefdingi  and  Addresiet,  1891. 
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the  apeciflcatioiiK  of  moat  of  tluisc  issued  before  1«.(0  Iiad  boeii  lost  hy 
fire.  The  greati-r  nniiiber  of  patents  for  inedit-iiies  wciii  IssiumI  betwwn 
iHM  iiud  1860.  The  total  immbcr  of  patent-s  (rniiit««l  titr  ine<lieiiie8 
during  the  U«t  decade  (1880-1800)  is  .-)40.» 

TliiB,  however,  applies  o>d y  t<>  "  patent  iiieditiues,"  properly  so  called, 
the  claims  for  which  are,  for  the  most  part,  presented  by  simple-minded 
men  who  kuow  very  little  of  the  ways  of  the  world.  A  patent  reqaires 
a  full  and  unreserved  disclosure  of  the  recipe,  and  the  mode  of  com- 
pounding the  same,  for  the  i>ublic  benefit  when  the  t«rm  of  tlie  patent 
shall  have-expired ;  au<l  the  C'oinniiasioner  of  Pat«ntB  may,  if  he  chooses, 
retiuire  the  applicant  to  furnish  s)>ecimens  of  the  composition  and  of  its 
ingredients,  snfRcieut  in  quantity  for  tlie  purpose  of  experiment.  Tlie 
law,  however,  does  not  rei|nire  the  applicant  to  furiiisli  patients  to  be 
experimented  on,  and  this  may  be  the  reason  why  the  Commissioner 
ha.'i  never  demanded  samples  of  the  ingredients.  By  far  the  greater 
number  of  the  owners  of  panaceas  and  nostrums  are  too  shrewd  to  thus 
publish  their  secrets,  for  they  can  attain  tbeir  purpose  much  bett^ 
under- tlie  law  for  registering  trade-marks  and  labels,  designs  for  bot- 
tles and  packages,  and  copyrights  of  printed  matter,  which  are  leas 
costly,  and  do  not  reveal  the  arcanum. 

These  proprietary  medicines  constitute  the  great  bulk  of  what  the 
public  call  "patent  medicines." 

The  trade  in  patent  and  secret  remedies  has  been,  and  Btilt  is,  an 
important  one.  We  are  a  bitters-and- pill -taking  people;  in  the  fried 
pork  and  saleratus  biscuit  regions  the  demand  for  such  medJciDesiB 
unfailing,  but  everywhere  they  axe  found.  I  suppose  the  chief  con- 
sumption of  them  is  by  women  and  children — with  a  fair  allowance  of 
clergymen,  if  we  may  judge  ftom  the  printed  testimonials.  I  sampled 
a  good  many  of  them  myself  when  I  was  a  boy.  Of  course,  these 
remarks  do  not  apply  to  bitters.  One  of  the  latest  patents  ia  for  a 
device  to  wash  pills  rapidly  down  the  throat. 

According  to  the  census  of  1880  there  were  in  the  United  States  692 
establishments  devoted  to  the  mannfacture  of  drugs  and  chemicals,  the 
capital  invested  being  $28,598,4.'i8,  and  the  annual  vahie  of  the  prodact 
$38,173,658,  while  there  were  563  establishments,  devoted  to  the  man- 
nfacture  of  patent  medicines  and  compounds,  the  capital  invested 
being  »10,620,880,  and  the  value  of  the  product,  $14,682,494.t 

A  patent  automatic  doctor,  on  the  principle  of  "  put  a  quarter  in  the 
slot  and  take  out  the  pill  which  suits  your  case,"  has  beeu  proposed, 
but  this  patent  is  said  to  be  of  Dutch  and  not  of  American  origin.  Tbe 
idea  of  this  may  have  come  fitim  Japan,  for  an  old  medicine  case  ttova 
that  country  which  I  possess  has  four  compartments  filled  with  pills, 
and  the  label  says  that  those  in  the  first  compartment  are  good  for  all 


*  Kiir  tbeae  figures,  auii  ntUer  dntB  iisi'd  in  this  pnper  I  nm  initebted  tn  iny  frieoil 
Mr.  n.  H.  Kstes,  Ksniiiinor  in  Chief,  iu  thePatout  Offlw. 


tf^'tlie  l.aHttt,  Octobers,  I8B9,  p.  683.  Ctlcwic 
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diwoNcs  oI'tlH-  head,  tluiwe  in  (lie  swrwiil  for  all  diMetiseH  of  tin-  body, 
tliosG  in  tlie  tliinl  lor  all  diKUiiKos  of  tlio  limlis,  and  those  in  tlnr  fonrth 
urea  sure  yennifiigc. 

From  the  cominerctal  niid  iiidustriid  point  of  view  the  ^eiit  intixiT' 
tance  of  patent  nnd  proprietary  iiieilicineH  ia  connected  with  advertising. 
The  problem  is  to  induce  people  to  pay  ^^  cents  for  the  liver-encourag- 
ing, Rileiit-pcrambulating,  family  pills,  which  cost  3  centa.  Some  day 
I  hope  thiit  the  modern  professional  expert  in  advertising  will  favor  us 
with  his  views  as  to  the  nature  and  character  of  those  people  who  were 
induc4!d  tn  buy  Joues'sliver  pills  or  8Iow's  specific  by  means  of  a  huge 
display  of  these  names  on  the  sides  and  roofs  of  barns  and  outbuild- 
ings, which  display  forms  such  a  prominent  feature  in  many  of  our 
Auierican  landscap's,  as  seen  by  the  traveller  ou  the  railway.  1  sup- 
pose there  mut^t  be  such  people,  for  I  have  a  high  astimateof  the  busi- 
ness shrewdness  of  the  men  who  pay  for  these  abominations.  I  should 
also  like  tt}  know  how  much  a  farmer  gets  for  allowing  his  buildings  to 
be  thus  defaced.  He  must  behard-up;  indeed  such  a  display  indicates 
that  the  jtlace  is  probably  nmrt gaged  and  that  the  jHwr  man  is  heavily 
in  debt. 

Even  the  Huap  advcrtiseis  are  not  as  guilty  i»  the  nostrum-makers 
in  this  particular  style  of  nuisance,  although  they  fiir  exceed  them 
in  viciousness  when  it  conies  to  applying  art  to  ignoble  puriioses.  The 
connection  between  progress  in  ine<Iicine  and  soap  advertisements  may 
not  be  clear  to  you;  but  it  (exists  neveithcless,  for  many  of  these  soaps 
make  work  for  tlu^  doctor.s  by  ]>roducing  skin  troubles. 

TTpon  the  whole,  I  should  think  that  the  nuniberof  people  who  would 
take  some  trouble  to  avoi<l  piiiThariing  an  arti<-le  which  is  thus  adver- 
tised must  be  rapidly  increasing,  so  that  snch  displays  will  soon  be  no 
longer  proHtablc.  The  great  imiwrtauce  of  advertising  does  not  i-elate 
to  the  placard  or  chr onto  business,  but  to  its  relations  to  periodical 
literature — to  the  daily  and  weekly  jiress  atid  the  monthly  magazines 
and  journals. 

To  the  establishment  and  support  of  some  of  our  newspaiKtrs  and 
journals,  medical  as  well  as  others,  these  proprietary  and  secret  medi- 
cines, cosmetics,  food  preparations,  etc.,  have  no  doubt  contributed 
largely. 

I  am  Bony  to  say  that  I  have  been  unable  to  obtain  definite  informa- 
tion as  to  the  direct  beneRts  which  inventions  of  this  kiud  have  con- 
ferred on  the  public  in  the  way  of  the  cure  of  disease  or  preventing 
death.  Among  the  questions  which  were  not  put  in  the  schedules  of 
the  last  census  were  the  following,  namely:  Bid  you  ever  take  auy 
patenter  proprietary  medicine  I  If  so,  what  and  how  much,  and  what 
waB>the  result!  Some  very  remarkable  statistics  would  no  doubt  have 
been  obtained  had  this  inquiry  been  made.  I  can  only  say  that  I  know 
"f  but  four  secret  remedies  which  have  been  really  valuable  additions 
to  the  resources  of  practical  medicine,  and  the  composition  of  all  these 
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i«  now  known.  TLi-se  four  nn-  n\\  poweit'iil  am!  <1imgen)iis,  nw\  sliunlil 
uiily  be  used  on  the  luivice  nf  n  KkiHeil  pliysicJAu.  Most  of  such  r«iiic- 
diea  liave  little  value  as  i-iirative  iigents,  and  some  of  them  arc  prepared 
and  purchiused  ahiiot^t  exctimively  for  ioimoral  or  eriuiiiial  purposes. 

In  France  the  sale  of  secret  and  patent  medicines  is  not  allowed 
unless  they  have  been  examined  and  approved  by  the  National  Academy 
of  Medicine,  and  the  Ramo  general  rule  holds  good  in  Italy  and  Spain. 

The  Japanese  have  followed  theFrenchmethod,  and  their  experience 
is  interesting.  The  Central  Hanitary  Bureau  established  a  public  lab 
oratory  for  the  analysis  of  <diemicals  as  a  jnedicine.  The  proprietors  of 
each  of  such  me<li<une3  were  bound  to  present  samples,  and  the  aames 
and  proportiouR  of  the  ingredients,  directians  for  its  use,  and  explaua^ 
tions  of  its  sujiposed  efBcjury,  Acconling  to  a  report  in  the  Brituh 
Medical  Journal,  during  the  first  year  there  were  11,904  applicants  for 
license  to  prepare  and  sell  148,091  ]>at«nt  and  secret  medicines.  Per- 
miSHion  for  the  preparation  and  sale  of  5S,fi38  differcut  kinds  were 
granted,  8,592  were  prohibited,  9,918  were  ordered  to  be  disconnM- 
nanced,  and  70,943  remained  to  be  reported  on.  The  great  majority  of 
tiiose  which  were  authorized  were  of  no  ettitiacy,  bat  few  being  reme. 
dial  agents;  but  their  sale  was  not  prohibited,  as  they  were  not  fouoii 
to  be  dangerous  to  tlie  health  of  the  people.*  I  do  not  vouch  fortliese 
figures,  which  throw  onr  records  entirely  in  the  shade. 

In  1849  a  special  committee  of  the  U.  S.  IIon.se  of  liepresentativca 
reported  to  the  House  a  bill  to  prevent  the  ]mtenting  of  medicines, 
accompanied  by  a  report.  This  bill  provided  that  after  the  passage 
of  the  act  letters  patent  shall  not  be  granted  for  any  article  whatever 
as  a  medicine,  provided  that  this  shall  not  apply  to  machiues,  instni 
ments,  or  apjiaratus.  AVhen  the  matter  came  liefore  the  Ilonse  for 
consideration  the  bill  was  laid  on  the  table.  ^ 

You  are  all  aware  that  the  great  majoi'ity  of  the  medical  profession 
consider  it  to  be  improper  and  discreditable  for  a  physician  to  i)atenta 
remedy.  The  medical  code  of  ethics  declart^s  that  it  is  derogatory  to 
professional  cliara<it(.>r  "for  apbysican  to  hold  a  patent  for  any  surgical 
instrument  or  me<liciiie;  or  to  dispense  a  secret  nostrum  whether  it  be 
the  composition  or  cxchisive  property  of  himself  or  others.  For  if  sucli 
nostrum  be  of  real  eilitacy,  any  concealment  regarding  it  is  inwinsist- 
ent  with  beneficence  and  professional  liberality;  and  if  my.stery  alone 
give  it  value  and  imjiortaitce,  such  craft  iin|dies  either  disgracefiil 
ignorance  or  fraudulent  avarice.  It  is  also  reprehensible  for  physiciaus 
to  give  certificates  attesting  the  efflcacy  of  patent  or  sffl-ret  medicine*, 
or  in  any  way  to  promote  the  use  of  them."  Like  all  legislation,  tliis  is 
a  formal  declaration  of  the  customs  of  the  profession,  which  cnstoms 
are  of  great  antiquity.  The  principle  upon  which  it  is  founded  is  thas 
expressed  by  Lord  Biuon :  '■  I  bold  every  man  a  debtor  to  lii«  profta 

•  IMIi'k  yMir/il  Journal.  July  3.  !««),  vol.  II.  p.  24. 
I  rangir*Kio>ial  (Hobe.  Hnrrh  3.  DMA,  Ji.  697.      ,  -  , 
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siciii ;  fixini  tlic  wbich,  !w  men  of  conrse  do  seek  t<i  icceive  coniiteiiuiiu(« 
and  profit,  «<i  ought  they  ol'  duty  to  endeavor  themselves  by  way  of 
amends  to  lie  a  help  iiud  oinameiit  thereunto." 

The  rule,  bowev(^r,  is  not  always  adhered  to  by  physiciaris,  the  most 
notable  exception  having  b«-eu,  perhaps,  the  use  of  Koch's  lymph 
before  its  composition  was  revealed.  As  reganis  the  patenting  of  sur- 
gical instruments  and  apparatus,  the  upiiiion  of  the  great  majority  of 
physicians  is  in  accordance  with  the  rule  just  stated,  but  there  are 
some  who  question  its  pi'opriety,  although  they  obey  it — and  there  are 
few  who  would  not  use  a  patented  instrument  in  a  case  to  which  they 
thought  it  vras  applicable. 

The  total  number  of  surgical  instruments  and  appliances  pateut«d 
during  the  past  decade  has  been  about  J  ,200,  tlie  patents  having  been 
in  almost  all  cases  taken  out  by  manufacturers.  With  these  may  be 
classed  dentists'  tools  and  apparatus,  of  which  about  500  have  been 
patented  during  the  last  ten  years,  and  in  this  field  of  inveiitioa  the 
United  States  leads  the  world.  The  same  may  be  said  with  regard  to 
artificial  limbs,  of  which  our  great  war  gave  rise  to  many  varieties. 

As  you  know,  the  law  prescribes  that  a  patent  may  be  given  for  a 
"new  and  useful  art,  machine,  manufacture  or  composition  of  matter." 
1  nsed  to  think  that  the  word  "  useful "  in  this  law  had  its  ordinary 
meaning,  and  therefore  wondered  exceedingly  as  to  why  the  Patent 
Office  examiners  allowed  patents  to  certain  things  which  came  under 
my  notice.  One  day,  however,  I  received  an  article  from  the  Patent 
Ofllce,  with  the  request  for  a  reiwrt  as  to  whether  it  was  useful  in  the 
sense  iu  which  that  word  was  used  by  the  office,  namely,  "  not  per- 
nicions  or  prejudicial  to  public  interest — capable  of  being  used" — and 
then  for  the  first  time  I  understood  one  of  the  first  principles  of  the 
patent  law  ot  the  United  States,  that  is,  that  it  does  not  take  into  con- 
sideration the  degree  of  utility  in  the  device,  or,  in  other  words,  that 
"useful "  means  "  harmle.-is." 

If  a  patent  is  granted  to  a  medicine,  it  must  be  as  a  comtWBition  of 
matter  as  a  special  article  of  manufactnre.  The  practice  of  the  Patent 
Office  in  these  matters  is  not  generally  understood.  It  does  not  now 
consider  that  medical  prescriptions  are  inventions  within  the  mean- 
ing of  the  law,  or  that  a  mere  aggregation  of  well-known  remedies  to 
obtain  a  cumulative  efi'ect  is  a  patentable  composition  of  matter.  A 
certain  number  of  claims  for  Government  jirotection  in  the  form  of 
patents  or  trnde-nmrks  are  made  for  medical  compounds  or  for  apparatus 
under  false  pretenses;  that  is  to  say,  the  <']aim  is  for  a  new  remedy  for 
rfaenmatism  or  dysiwpsia  or  displacement,  witha  warning  against  their 
nse  nnder  certain  conditions,  the  real  design  being  that  they  are  to  be 
m^  under  precisely  these  conditions  in  order  to  procure  abortion,  etc, 
These  are  sometimes  difficult  cases  for  the  Patent  Office  to  treat  prop 
^ily,  for  the  law  does  not  allow  a  large  4liscrctioii  for  refusal  on  mere 
suspicion,  and  where  there  is  ostensible  and  possible  utility  (in  the 
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Piitoiit  Onive  Heuse)  it  can  hardly  reject  the  vhiim  on  the  ^Toiiint  th^it 
the  invention  tniglit  be  iirted  for  immoral  piirifoses. 

I  Hai4l  in  the  beginning  that  I  can  not  on  thin  ocviwion  give  iiny  snf- 
Hcientxcconut  ot'the  progruHR  of  invention  and  discovery  in  mediciue 
and  sanitation  during  t)ie  eentnry  just  gone.  The  ^Teat  step  furwanl 
wliich  has  be«Q  made  baH  been  the  erttubliRhment  of  a  true  scienlilic 
foundation  for  the  art  upon  the  <U»icoverie»  made  in  physios,  t-hemistry, 
and  biolog>'.  One  hundred  yeari*  ago  the  proctice  of  niedhine  aiid 
measures  to  preserve  bealtli,  so  far  as  these  were  really  efficacioas. 
were  in  the  main  enipirieal — that  is,  certain  effects  were  known  tu 
nsually  follow  the  giving;  of  certain  drugs  or  the  a)>pIication  of  certain 
measures,  but  why  or  how  these  eftfects  were  prtKluced  wiw  unkuovii. 
They  sailed  then  by  dead-reckoning,  in  several  senses  of  this  phrase. 

Siuce  then  not  only  have  great  advances  been  matic  l>y  a  coDtinuanw 
of  these  empirical  measures  in  treatment,  but  we  have  learned  much  » 
to  the  mechanism  and  functions  of  different  parts  uf  the  body  and  as 
to  the  nature  of  the  causes  of  some  of  the  most  irrevaleut  and  f»ta1 
forms  of  disease,  and,  as  rtcoii8e(]uence,  can  apply  means  of  preven- 
tion or  treatment  in  a  much  more  direct  and  definite  way  than  vas 
formerly  the  case.  For  example,  a  hundred  yeai-s  ago  nothing  was 
known  of  the  difference  between  tyiihns  and  typhoid  fevers.  We  have 
now  discovered  that  the  first  is  a  disease  propagated  largely  by  aerinl 
4!oiitagioD  and  induced  or  aggravated  by  overcrowding,  the  preventive 
means  being  isolation,  light,  and  fresh  air;  while  the  secoud  is  due  to  a 
minute  vegetable  organism,  a  bacillus,  aud  is  propagated  mainly  by  con- 
taminated water,  milk,  food,  and  clothing;  and  that  the  treiitment  of 
the  two  diseases  should  be  very  diS'erent. 

The  moBt  imiwrtant  improvements  in  practiciil  medicine  made  in  the 
(United  States  have  been  chiefly  in  surgery,  in  its  various  branches. 
We  have  led  the  way  in  the  ligation  of  some  of  the  larger  arteries,  in 
the  removal  of  abdominal  tumors,  in  the  treatment  of  diseases  and 
injuries  peculiar  to  women,  in  the  treatment  of  spinal  aft'ections  and  of 
deformities  of  various  kinds.  Above  all,  we  were  the  first  to  show  He 
uses  of  ana'sthetics — the  most  important  advance  in  medicine  made 
during  the  century.  In  our  late  war  we  taught  Europe  how  to  bnild, 
oi-ganize,  and  manage  militaiy  hospitals;  and  we  formed  the  best 
museum  in  existence  illustrating  modem  military  medicine  and  sor 
Bery.  Our  contributious  to  medical  lit«rature  have  been  many  and  val- 
imble;  and  our  Government  possesses  the  largest  and  best  working: 
medical  library  in  the  world.  We  have  more  doctors  and  more  medi- 
cal schools,  in  proportion  to  the  population,  than  any.otber'countrfi 
and,  while  this  is  not  good  evidence  of  progress,  I  am  glad  to  be  able 
to  say  that  the  standard  of  acquirements  in  medical  education  has  beeu 
und  is  now  rising,  and  our  leading  medical  schools  are  now  bein^ 
cnuipped  with  buildings,  with  apparatus,  with  laboratories,  nndt  "i*^' 
important  of  all,  with  brains,  which  enable  them  to  give  lueanB  of 
practical  instruction  e<pial  to  any  to  be  found  elsewhere. 
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As  rt'K»r<1t<  ))ri>veiitivc  jiublic  luediciiK^  tiiid  naiiitatioii,  we  liavi-  not 
iiade  H4>  iiiiiiiy  viiluahle  contribiitioiiH  tn  the,  world^s  t^tock  of  knowloilgc, 
-liiefly  becaoBo,  until  quite  reveittly.  wo  linve  not  Inul  the  stimulus  to 
kersisteut  effort  which  comes  frcmi  deimity  of  poixilutioii  and  its  com- 
dif^ated  relation  to  sewage  disjiosal  luid  water  supplies;  nor  bave  we 
lad  the  it  I  formation  relative  t')  localized  caunes  of  disease  and  death, 
vhicb  in  the  essential  foundation  of  pnblie  hygiene,  and  which  can  only 
>e  obtained  by  a  proiter  system  of  vital  statistics.  We  can,  however, 
ihow  enough  and  to  spare  of  inventions  in  the  way  of  sanitary  appli- 
iDces,  fixtures,  and  systems  for  honsc  drainage,  sewerage,  etc. ;  for  the 
iugeuDity  of  inventors  has  ke[>t  jiace  with  the  increasiitjr  demands  for 
protection  ft-om  the  eflPocts  of  the  decomimsition  of  waste  matters  as 
increase  of  knowledge  has  made  these  known  to  ns.  The  total  niiniber 
}f  patents  granted  for  sanitary  appliances  during  the  last  decade  (1880- 
1J*90)  is  about  1,175.  If  good  fixtures  necessarily  involve  good  plumb- 
ing work  we  could  easily  make  our  bouses  safe  so  far  as  drainage  is 
i-oncemed;  but  a  leaky  joint  or  a  tilted  trap  makes  the  best  appliance 
worthless.  Tlie  impulse  to  improvements  in  this  direction  has  come 
maiiilyfi-om  England,  where  most  of  the  principles  of  good  work  of  this 
kind  has  been  developed;  but  we  bave  devised  some  details  better 
adapted  to  our  climate  and  modes  id"  construction,  and  while  many  of  the 
patent  traps  and  aewer-gas  excluders  are  only  useful  in  the  patent-law 
^ense,  and  some  not  even  iu  that,  it  is  nevertheless  true  that  the  safety, 
accessibility,  and  good  appearance  of  plumber's  work  has  been  largely 
increased  during  the  last  few  years  by  patented  inventions.  Much  the 
Ntme  may  be  said  with  regard  to  healjng  appliances,  including  venti- 
liiting  Btoves  and  fireplaces,  radiators,  etc.,  but  I  am  unable  to  express 
any  enthusiam  with  reganl  to  what  are  commonly  called  patent  venti- 
lators. 

No  doubt  the  greatest  progress  in  medical  science  during  the  next 
few  years  will  be  hi  the  direction  of  prevention,  and  to  this  end  mechan- 
ical and  chemical  invention  and  discovery  must  go  band  in  band  with 
increase  in  biological  and  medical  knowledge.  Neither  can  afford  to 
ueglect  or  despise  the  other,  and  both  are  working  for  the  comniui> 
good.  If  the  American  patent  system  has  not  given  rise  to  any  spe- 
(^ially  valuable  inventions  in  practical  medicine,  in  law,  or  in  theology, 
it  must  be  due  to  the  nature  of  the  subjects,  and  not  to  any  fault  of  the 
system. 
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CATION.- 


By  Addibon  Bbown. 


Twenty  years  ago  Prof.  TyniJall  delivered  io  New  York  and  in  other 
ntieii  of  tbiH  coniitry  a  Heries  of  lei'tures  upon  ligbt.  The  last  of  tlie 
series  was  an  imprassive  plea  for  a  more  tlioronyh  prosecntion  of 
original  researoh  in  pure  science ;  and  incidentally,  for  tUe  need  of  en- 
dowment's to  tnaiutaiu  it.  I  was  fortunate  in  having  the  opportunity 
to  listen  to  that  reinarkabh-  eourae  of  lectures,  and  tn  that  plea  for 
teieoce.  It.H  impression  ban  never  lett  me.  The  impression  was  the 
deeper,  because  Tyndall  set  ni>on  it  the  seal  of  self  denial.  Some  $30,000, 
nearly  the  entire  net  |»roceeds  of  his  lectures  in  the  United  States — 
money  for  which  he  uudoabtedly  had  abundiint  use  in  his  own  affairs, 
or  at  least  in  the  prosccntion  of  researches  in  his  own  conntry,  and  which 
by  all  precedent  and  the  example  of  other  lecturers  he  would  have  taken 
with  him — this  he  has  given  to  the  science  of  this  country,  endowing 
Uierewith,  in  18S5  three  scholarships  for  the  prosecution  of  original 
research  in  physics,  one  under  the  direction  of  Columbia  College,  one 
under  Harvard,  and  a  third  at  the  University  of  Pennsylvania. 

The  truths  uttered  and  the  example  set  by  this  self-denying  master 
have  already  many  times  Wrne  ft-uit.  The  late  President  Barnard,  of 
Columbia  College,  who  was  a  warm  supporter  of  Prof.  Tyndall  when 
here,  bequeathed  to  Columbia  upon  his  decease  a  few  years  since  the 
Slim  of  $10,000  for  the  euduwmcnt  of  another  fellowship  for  the  enconr- 
agement  of  scientific  research,  upon  substantially  the  same  terms  as 
tli(«e  of  the  Tyndall  scholarships.  In  other  parts  of  the  country  there 
bare  been  some  other  endowments  fur  similar  purposes.  In  the  last 
yearColnmbiahas  also  received  $100,000,  the  niuniftoentbequest  of  Mr, 
Ha  Costa,  for  the  establishment  of  the  departmentof  biology.  Although 
'his  bequest  is  not  primarily  for  the  prosecution  of  original  research, 
it  is  not  restricted  by  hampering  conditions,  and  will  to  some  extent,  it 
is  boped,  adroit  of  a  direct  and  continuous  support  of  the  highest  and 
•Host  advanced  studies. 

'AddrenH  »t  the  linil  joiot  mretio^  of  (lie  Scii'iitififi  Alliance  of  New  York, 
Xovember  15,  ltl92.     (Punphlet  Reiwrt.  pp.  1S-1I.) 
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The  appeal  made  by  Tyndall  has  beeu  often  renewed  by  acientifir 
men;  by  theheitds  of  uuiversities;  by  tbe  presidents  of  scientific  asso 
eiations,  here  and  abroad;  aud  by  none,  perhaps,  more  sloqiieutly  thau 
by  Dr.  Edwin  Ray  Lancaster,  in  bis  address  before  the  biological  sec 
tion  of  the  British  Association  at  Southport.  in  1883. 

What  shall  we  say  to  the  call  aud  the  examples  of  such  meaf  W'v 
the  gift  of  Tyndall  based  only  upon  an  idle  fancy  1  Or  was  it  the  result 
of  a  clear  perception  of  a  profound  trath,  viz,  America's  Deed  of  that 
money  as  a  stimulus  and  support  to  more  scientific  research;  the  call 
on  him  l>eing  felt  to  be  the  more  imperious,  because  the  need  of  it  vat^ 
BO  plain  to  him,  while  obscure  to  others;  and  making  his  act,  thereforr. 
a  noble  instance  of  selfrenanciation  in  an  unappreciated  rauseT 

"To  keep  society  as  regards  science  in  healthy  play,"  he  says,  "tbrer 
classes  of  workers  are  necessary : 

"  1.  The  investigator  of  natural  truth,  whose  vocation  it  is  to  (mrsoi- 
that  truth  and  extend  the  licld  of  discovery  for  truth's  owo  sake,  vith 
out  reference  to  practical  ends. 

■'2.  The  teacher,  to  diffuse  this  kiiowletlge. 

"3.  T)ie  applier  of  these  principles  and  truths  to  make  them  avaiLt 
ble  to  the  needs,  the  comforts  or  the  luxuries  of  life.     -     - 

"These  three  classes  ought  to  co-exist  and  inter-act.  The  popalir 
notions  of  science  -  -  -  often  relate,  not  to  science  strictly  so  calloi. 
bnt  to  the  application  of  science." 

The  great  discoveries  of  scientillc  truth,  he  continues,  are  "not  inadt- 
by  pra*'-tical  men,  and  they  never  will  be  made  by  them ;  because  Uieir 
minils  are  beset  by  ideas  which,  though  of  t  be  highest  value  in  one  poiui 
of  view,  are  not  those  which  stimuhitc  the  original  discoverer.'' 

In  a  chance  conversation,  a  few  weeks  since,  I  received  a  couflrnu 
tion  of  these  words,  so  direct  and  unexpet^ted,  that  it  may  bear  cilatioo. 
I  was  talking  with  an  electrical  expert  who  had  made  several  very  iu 
teresting  and  important  inventions.  I  aske4l  him  of  how  much  impor 
tance  he  conceived  that  tlie  scientific  men  of  the  closet,  the  original 
investigators,  so-called,  had  been  in  working  out  the  great  inventioQ" 
of  electricity  during  the  last  fifty  years — the  telegraph  cables,  tele- 
phones, the  electric  lighting,  and  the  electric  motors;  and  whether 
these  achievements  were  not  in  reality  due,  mainly,  to  the  prartical 
men,  the  inventors,  who  knew  what  they  were  after,  rather  than  to  the 
men  of  science,  who  rarely  applietl  their  work  to  practical  use ! 

"  Not  at  all,"  he  said,  ■'  the  scientific  men  are  of  the  utmost  impor- 
tance; everything  that  has  been  done  has  pro<^eeded  upon  the  basis  uf 
what  they  have  previously  discovered,  an«i  upon  the  principles  ai"! 
laws  which  tbey  have  laid  down.  Nowadays  we  never  work  at  raudoir. 
Look  at  that  electric  light !  Of  the  energy  expended  in  protinciiig  if- 
only  <  l»<*r  cent  appears  as  light;  tlierest,  !K{iH;r  cent,  is  wasted,  mJii"')' 
ill  heat.  We  are  all  now  trying  to  present  this  (mormons  w»»tft  ' 
want  to  reverse  that  pi-oimrtion ;  but  if  I  can  redH<'t>  the  waste  to  only 
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33  per  cent,  a  patent  of  my  invention  will  be  worth  millions  of  dollars 
for  its  economy  in  production.  lu  seeking  tbis  we  do  not  work  at  ran- 
doni.  1  go  to  my  laboratory;  study  the  applicationa  of  the  principles, 
facta,  and  laws  wbich  tbe  great  scientists  like  Faraday,  Thompson,  and 
Maxwell  have  worked  ont,  and  endeavor  to  find  sacb  devices  as  shall 
seenre  my  aim," 

This  is  but  an  expression,  in  another  form,  of  what  Tyndall  said 
twenty  years  ago:  "Behind  all  our  practical  applications,  there  is  a 
region  of  intellectual  action  to  wbich  practical  men  have  rarely  con- 
tribated,  but  from  which  they  draw  all  their  supplies.  Cut  them  off 
hum  that  region,  and  they  become  eventually  helpless." 

What  in  true  in  one  department  of  natural  science  is,  I  apprehend, 
equally  true  in  all.  Tbe  practical  men  do  not  work  at  ntndom,  but  upon 
tbe  basis  of  what  scientific  research  and  publication  have  previously  pat 
irithin  their  grasx)- 

It  is  evident  therefoi'e  that  not  only  tbe  advancement  of  knowledge 
itself,  but  all  possibility  of  any  continuous  advance  in  those  great  im- 
provements which  are  to  mitigate  the  sorrows,  and  jiromote  the  health, 
tlie  conveniences  and  the  comforts  of  men,  is  vitally  dependent  upon 
the  progress  of  scientittc  research.  In  recent  years  how  marvellous 
have  these  improvement.'*  beeu !  Besides  those  that  are  most  common 
and  familiar  to  all,  what  miracles,  almost,  have  beeu  achieved  through 
the  photograph,  the  sjkectruscope,  the  microscope;  by  the  discovery  of 
IhesourceM  of  fermentation  and  of  putrefaction;  by  tbe  discovery  of 
ansestbeties  and  t)u-  application  of  antiseptic  methods  in  surgery,  and 
in  the  treatment  of  other  lesions!  These  latter  dist'oveiies  alone  have 
ameliorated  beyond  expression  the  sufi'erings  of  man;  they  save  more 
lives  than  war  and  g>estileuce  destroy,  sarpa^siug  even  in  that  regard 
tlie  safety  lamp  of  Sir  iiutnphrey  Davy — an  inveution  wbich,  at  the 
time  it  was  made,  was  said  to  have  exceeded  every  previous  discovery 
as  a  means  of  saving  human  life,  except,  possibly,  iuoculation  for 
smallpos. 

ThiH  vital  relation  between  the  ad vaucemeut  of  knowledge  and  tbe 
welfare  of  man  furnishes  an  all-sufflcient  reason  for  the  continuous  aud 
never-ending  prosecution  of  original  research.  Of  necessity  the  original 
work  of  discovery  must  always  lead;  that  must  always  precede  the 
practical  applications.  Thi;  necessity  tor  such  lesearch  must,  there- 
tore,  continue,  so  long  as  science  and  human  sotaety  endure.  As  there 
iR  no  limit  to  the  advance  of  knowledge,  so  there  can  be  no  limit  to  tbe 
benefactions  it  is  capable  of  conterring  upon  mankind.  The  more  rapid 
the  advance,  the  more  speedy  the  enjoyment  of  its  fHiits,  In  this 
relation  aloue,  tbe  need  of  ample  jirovisioii  for  Ncientiflc  progress  is  one 
that  addresses  itself  e4)ually  to  tbe  nation,  to  the  state,  to  pbilan- 
tbrupists,  and  to  all  who  wcmld  advance  the  welfare  nf  man.  on  the 
broadest  and  most  enduring  lines. 
How  shall  such  research  be  maintained  and  extended!    The  nivesti- 
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gator  of  pure  science  does  not  work  for  profit.  His  discoveries  are  not 
marketable.  Tbe  law  allows  do  patent  upon  a  iiriaviple  of  iiiitur«  nr 
the  discovery  of  a  new  trutli.  Newtoti  «-onId  not  patent  the  law  of 
gravitation,  nor  Volta  tlie  galvanism  of  the  voltaiv  pile;  nor  Ehrenberj; 
and  Schwann,  tiie  discovery  of  the  widespread  iniluence  of  bactciia; 
uor  Faraday,  nor  Henry,  electro-magnetism;  nor  Joiilo,  his  correlation 
of  forces;  nor  Jacksou,  biaanipsthetics;  nor  Lister,hi8  antiseptic  treat- 
ment; nor  Koch  nor  Pasteiir,  their  discoveries  of  the  bacilli,  tlie 
destruction  of  which  may  lead  to  the  cure  or  amelioration  of  terrilile 
diseases.  To  the  practical  men  and  to  the  inventors,  ou  tbe  other 
hand,  who  apply  to  the  specific  wants  of  men  the  truths  and  principle.^ 
which  the  scientists  have  made  known  to  them,  the  law,  in  the  form  of 
a  patent,  gives  a  monopoly  of  from  fourteen  to  twenty-one  years.  They 
thas  obtain,  as  a  rule,  a  reasonable,  and,  in  some  cases,  even  an  esce.-i- 
sive,  pecuniary  reward.  In  this  country  alone  nearly  500,000  pnteiitN 
have  been  issued;  they  are  increasing  at  tbe  rate  of  about  23,000  per 
year.  In  theextreme  multiplication  of  patents  afi'ecting  a  large  part  of 
everything  we  use,  the  whole  world,  it  miglit  almost  be  said,  is  paying 
tribute  to  the  inventors  and  practical  men;  while  to  the  original  dis- 
coverers who  have  made  so  much  of  all  this  ]>ossible,  there  is  no  promise 
of  pecuniary  reward. 

This  is  not  said  hy  way  of  complaint.  In  the  nature  of  things,  it  is 
scarcely  avoidable.  The  aim,s,thcmotive8,themethods,audthegenins 
of  the  two  classes  of  minds,  are  and  ever  must  be  widely  distinct.  Orip- 
ual  discoverers  can  not  be  turned  aside  from  their  special  work  to  be- 
come mechanics  and  inventors  without  infinite  loss.  Prof.  nenr>-had 
one  form  of  the  electric  telegrat>h  in  actual  use  some  years  before  Morse 
conceived  it.'  But  how  great  wonhl  ba^'c  been  the  loss  to  science, 
without  any  corresponding  gain,  had  Prof.  Henry  in  1830  turned  away 
from  pure  science  to  do  the  siibse<)nent  work  of  Morse  in  adapting  tlie 
telegraph  to  common  and  valuable  unc  ! 

Research  in  pure  science  can  never  be  made  a  self  supporting  pur- 
suit. It  can  never  therefore  be  carried  forward  broadly,  and  contin- 
uously, and  effectively,  except  through  men  sustained  hy  some  form  of 
stipend  or  endowment.  Occasionally,  it  is  true,  men  of  independent 
fortune,  like  Har\ey,  and  Darwin,  and  Lyell,  and  Agjissiz,  have  tie 
voted  themselves  to  original  research  upon  their  own  means,  and  have 
accomplished  most  important  results.  But  these  instances  are  rare. 
Many  other  jwrsous,  too,  with  aptitudes  and  tastes  for  research,  thonjih 
not  following  a  scientific  career,  have  carried  on  private  researches  "' 
the  intervals  of  leisure,  stolen  from  the  exacting  demands  of  profes- 
sional or  business  hfe;  and  these  have,  in  the  aggregate.  a>\d«H  w 
small  amount  to  the  common  stock  of  knowledge. 

It  is  no  disjiaiagement  however  of  those  subordinate  workers  tosoy 
that  nearly  all  the  great  discoveric'i,  and  nejirty  all  the  great  aiivaiieea 
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along  the  liues  of  knowledge,  have  been  achieved  by  men  who  in  the 
main  have  devoted  ttieir  ItveH  to  the  work,  and  have  been  supi>ort«(l 
throQgh  institatJons  or  eitdowmeuts  which  made  this  devotion  [tosflible. 
(joverument  appoiuttneuts,  professorial  chairs,  or  sahiried  positiotii:)  in 
scieutillu  inatitntious  of  some  kind,  have  been  and  must  coutiune  to  be 
our  chief  dependence.  And  it  is  manifest  that  these  can  only  be  main- 
tained by  Government  aid,  or  by  the  bonnty  of  private  individuals. 
The  former  is  mainly  the  European  .system;  the  latter,  iu  the  main,  is 
ours.  There,  nniversities  are  fonnded  by  the  government;  here,  chieHy 
by  the  people. 

Iu  Germany  there  are  twenty-oue  universities  maintained  by  the  <>ov- 
erument.  In  each  of  these,  as  Dr.  Lancaster  Btat«.s,  there  are  five  in- 
<lepen<Ient  establishments  in  the  department  of  biology  alone,  viz,  in 
physiology,  anatomy,  pathology,  zoiilogy,  and  botany.  At  the  head  of 
each  of  these  estabtishmcnts  there  is  a  professor,  with  two  paid  assist- 
ants, malcing  altogether  about  300  for  biological  research  in  Germany; 
and  be  estimates  about  one-fjuarter  of  that  number  in  the  same  depart- 
ment in  England.  In  all  the  sciences,  therefore,  there  would  [trobably 
be  found  in  Germany  from  8(Kl  to  1,000  persons  of  high  scientific  attain- 
ments, supported  by  the  Government  iu  the  universities,  who  are  regu- 
larly aud  systematically  engaged  in  the  discovery  of  new  scientific  truth. 
For  it  is  there  made  both  the  object  and  the  duty  of  the  professors  of 
natoral  science  to  carry  on  original  investigations  by  work  in  t^e  lab- 
oratory. Their  positions  are  obtained  through  previous  distinction  in 
such  investigations,  and  it  is  for  this  work  that  their  small  but  fixed 
stipend  is  paid  by  the  Government. 

In  the  College  de  France,  also  maintained  by  the  Government,  there 
is  the  same  requirement,  though  with  a  larger  salary  to  the  professors, 
and  with  the  added  duty  imposed  on  them  to  deliver  to  the  students 
about  forty  lectures  yearly  uiKin  the  subjects  of  the  professors'  re- 
searches; while  in  Germany  the  profes.sors  also  receive  from  each  stu- 
dent who  attends  tUeir  lectures,  a  moderate  fee,  which  serves  to  in- 
crease their  meager  stiiiend,  as  well  as  to  stimulate  their  activity  and 
usefulness.  Under  this  system,  Germany  has  become  the  greatest 
school  of  science,  and  the  resort  of  the  whole  world. 

In  this  country  the  opposite  systeu)  prevails.  The  colleges  and  uni- 
versities are  mainly  private  foundations,  dependent  on  private  gifts 
and  endowments.  The  colleges  are  unwisely  mutiplie^l.  All  are  more 
nr  less  cramped  for  money.  This  limits  the  number  of  pi'ofessors  and 
assistants  appointed  for  instruction,  and  crowds  them  with  routine 
work.  The  result  is  that  in  all  but  a  few  colleges,  and  in  these  until 
coDiparatively  recently,  the  dntich  of  instruction  have  left  to  the  pro- 
fessors but.  little  time  or  opportunity  for  tlio  |iro3<-cntion  of  original  in- 
vestigations; and  tbest'  witli  but  i>oor  eqnipmeut  nnd  inadequate 
means. 

In  not  one  of  all  our  colleges  and  universities,  so  far  as  I  have  been 
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able  to  ascertain,  is  there  a  single  professorship  endowed  oi-  fouoded, 
even  in  part,  for  the  avowed  object  of  original  scieutifie  research.  In- 
struction, not  discovery,  is  the  only  avowed  object.  It  is  t4)  the  great 
credit  of  American  professoru  and  teachers  that,  with  so  much  routine 
work  on  their  hands,  and  so  little  leisure  for  research,  they  sbonld 
have  accom2)lished  by  purely  voluntary  studies  so  much  as  is  shown  in 
their  contributions  t«)  our  scientifie  publications. 

To  what  is  said  above,  perhaps  a  virtual  exception  should  be  made  as 
respects  our  astronomical  observatories,  in  which,  the  labors  of  in' 
stmetion  being  lesH,  original  work  has  been  perhaps  expected,  and 
has  bean  accomplished  with  most  signal  success.  To  some  extent  tins 
may  possibly  apply  to  our  medical  schools  also.  And  iu  other  depart- 
ments, generally,  wherever  time  and  opportunity  have  beeu  aflbnied, 
much  original  work  has  been  done  by  our  professors;  some  of  it  of  the 
first  class.  This  is  attested,  not  to  mention  living  instances,  by  tiie 
work  of  Prof.  Henry  jit  Princeton,  Dr.  Torrey  at  Columbia,  Dr.  Silli- 
man  at  Yale,  Dr.  Gray  at  Harvard,  and  many  others  that  might  be 
named.  In  a  number  of  the  States,  also,  and  at  Washiugrton,  tboe 
have  been  maintained  by  the  State  or  N^ation  a  Dumber  of  scieutifiv 
men,  in  connection  with  certain  State  or  national  interests,  who  have 
accomplished  most  important  results;  of  these.  Dr.  James  Hall,  of  thio 
State,  is  a  conspicaons  instance.  At  Harvard  aii<l  at  other  col legte 
some  noble  opportunities  for  si)ecial  study  have  been  also  provided  in 
their  scientific  schools  and  musennis;  notiibly  in  the  zoological  museum, 
the  Jefi'erson  Physical  Laboratory,  and  the  Peaboily  Museum  of  Arcbe- 
ology  at  Cambridge,  and  also  in  the  department  of  hygiene  at  the  Univer- 
sity of  Pennsylvania.  But  in  most  of  these  the  great  complaint  istbe 
lack  of  neccessary  endowments  to  make  possible  the  active  advaot-ed 
work  in  original  discovery  for  which  those  institutions  are  designed. 
In  the  Peabody  Museum  there  was  in  1891  a  gift  of  110,000  by  Mrs. 
Heinenway  to  establish  a  postgraduate  fellowship;  and  also  a  gift  of 
like  amount  by  Mr.  Wolcott.  for  the  general  support  of  the  museum's 
work.  New  York  also  has  within  a  few  years  past  seen  spring  up  al- 
most as  by  magic,  through  the  efforts  of  a  single  leading  spirit,  sec- 
ondetl  by  other  public  spirited  men  and  women,  and  by  municipal  aid.  a 
museum  of  natural  history  that  bids  fair  to  stand  in  the  front  rank  of 
scientific  opportunities;  but  the  endowments  of  fellowships  and  jirO' 
fessors  necessary  to  make  its  opportunities  available  in  active  re- 
search are  as  yet  wanting. 

England  holds  a  position  midway  between  the  United  States  and 
Germany.  Her  scientific  men  lament  her  deficiencies.  They  are  striv- 
ing to  increase  their  means  for  scientific  work,  and  are  doing  so  yearly. 

If  experience  teaches  anything,  it  is  that  no  broad  and  general  de- 
velopment of  scientific  work  of  the  first  clasa  is  ]>ossible,  except  either 
through  independent  establishments  for  special  work,  or  else  by  tlie 
university  system,  in  which  professors  in  science  and  their  assistants 
are  first  selected  on  account  of  their  previous  distinction  in  wigin*' 
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reeearcb,  and  are  theu  appoiuted  tu  contiuiie  that  vork,  aud  in  the 
teaching  of  studeutK,  to  tranMmit  to  them  the  zeal  of  discovery  and  the 
troe  methods  of  wlviiiiw. 

It  matters  littlo  wliether  the  su])[K>rt  of  tlie  iiniverHity  or  of  special 
JDBtitntions  for  resenroh  <-omea  from  tlie  Government  or  from  i)rivate 
endowment,  provided  tlie  provision  is  adequate  and  constant.  The 
difficulty  with  us  lias  b(H;n,  and  still  is,  that  fundH  are  insufllcicnt,  the 
means  and  equipment  inadequate,  and  tlte  time  allowed  to  the  pro- 
fessors for  research  insnlTlcient.  There  has  been  too  much  of  the 
schoolmaster,  and  too  little  of  the  real  professor.  Too  great  absorption 
of  the  professor's  lime  in  the  woi-k  of  instru<ttion  is  injurious  to  both 
teacher  and  pupil.  The  most  stimulating  of  teachers  is  he  who  by 
daily  experiment  is  in  vitnl  touch  with  Nature, — he  who  brings  &oni  the 
fires  of  the  laboratory  the  warmth,  the  illumination,  and  the  inspiration 
of  bis  own  researches. 

This  is  now  well  recognized ;  and  so  far  as  their  means  will  permit, 
the  leading  colleges  are  by  degrees  relieving  their  professors  of  the 
work  of  elementary  instniction,  so  that  they  may  the  better  prosecute 
original  researches,  and  at  the  same  time  become  t)est  qualified  for  the 
highest  work  of  instruction.  This  system  will  doubtless  demand 
vatchfiilness  and  disi-rimination.  To  prevent  abuses,  regulation  and 
responsibility  may  have  to  be  imposed.  But  it  involves  the  appoint- 
ment of  additional  instructors.  It  re(iaires  added  means.  And  this  ia 
indispensable  as  a  part  of  the  transition  of  our  leading  colleges  to  the 
Qniversity  system.  It  ia  indisisensable,  also,  if  we  are  to  have  in  this 
country  any  considerable  systematic  prosecution  of  original  research. 
We  must  use  existing  instrumentalities  and  existing  institutions.  And 
all  experience  shows  that  outside  of  the  few  Government  positions,  and 
in  the  absence  of  special  institutions  for  research,  the  professorial  cliairs 
are  beat  adapted  to  such  investigations.  No  greater  service  could  be 
(lone  to  science  than  to  make  such  endowments  as  should  insure  sys- 
tematic and  continuous  research  by  the  professors  as  a  part  of  the  new 
university  system. 

Endowments  for  the  same  object,  and  operating  in  the  same  line, 
might  also  take  a  dift'erent  form,  vix.,  the  endowment  of  several  ))ro- 
fesBorial  fellowships,  each,  say,  of  $1,000  annual  income;  to  be  con- 
trolled and  awarded  by  some  independent  scientific  body  (such  as  this 
Alliance  might  afford)  for  distinction  in  active  scientific  investigations, 
either  within  the  country  or  within  the  State.  I  know  of  no  more 
qnickening  impnlse  to  original  scientific  research  than  such  as  would 
be  given  tu  it  by  those  means. 

How  backward  we  have  been  in  this  country,  through  the  lack  of 
{Htiper  endowments,  in  making  ase  of  Che  best  existing  opportu- 
nities for  research,  may  be  illustrate^l  by  a  single  instance.  Some 
twenty  years  ago  a  school  was  established  at  Naples  for  the  prosecu- 
tion of  marine  biologicvl  resean-li.  It  is  most  thoroughly  equipped, 
and,  being  a  general  resort,  is  the  most  advantageous  for  study  in 
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the  world.  It  is  maintainetl  by  a  cbarge  of  *500  per  year  npoo 
each  table  occupied,  each  ocvupaDt  buing  entitled  to  all  the  ad- 
vautages  of  the  institution.  Of  these  tables,  the  Germau  States  for 
several  years  have  taken  thirt«eu;  Italy,eight;  Austria,  Russia,  ajKUn, 
and  England,  each  three;  Switzerland,  Belgium  and  Holland,  ew.'h 
one;  the  United  States,  until  1891,  none,  except  one  table  supported 
by  Williams  College  for  two  years,  and  one  by  the  University  of  Peno- 
sylvaoia  for  one  year.  Prior  to  that  time  about  fifteen  other  Amerii'an 
students  in  all  had  obtained  places  at  the  tables  taken  and  paid  for  by 
other  nations.  In  1890,  this  arrangement  was  prohibited  by  the  admin- 
istration of  the  institution;  and  the  right  to  a  tat>le  in  1891.  was  second 
to  Americans,  only  through  the  private  benefaction  of  Maj.  AleL 
Henry  Davis,  of  Syracuse.  For  the  year  1892,  the  use  of  a  table  has 
been  secured  through  a  Bub.scription  started  by  the  American  Associa- 
tion for  the  Advancement  of  Science,  toward  which  the  AssoctatioD 
itself  granted  out  of  its  scanty  Auids  $100  and  was  the  means,  1  In^ 
lieve,  of  procuring  the  rest." 

We  liave  not  however  been  whoUy  witlioat  some  .suck  mean«  of 
study  in  this  country  through  the  marine  biological  laboratories  estaf) 
lished  some  years  ago  at  Newport  and  at  Wootl's  Holl,  by  Prof.  Alei. 
Agassiz.  The  former  has  been  now  enlarged  so  as  to  aceommodW 
eight  advanced  students,  besides  the  professor  and  his  assistant.^  The 
Johns  Hopkins  University  also  has  supplied  some  opportunities  of  this 
kind  by  its  summer  school,  formerly  at  Beaufort;  later,  at  Jainaica: 
but  at  present,  as  I  understand,  it  is  withoutany  permanent  locatioD- 

Our  neighbor,  the  Brooklyn  Institute,  has  organized  similar  investi- 
gations, on  a  mi  nor  scale,  dnring  the  summer  months  at  difierent  platen 
on  Long  Island.  But  what  is  needed  for  the  most  effective  worh,  bt 
suitable  endowments  for  professors  and  advanced  students,  in  connec- 
tlon  with  an  adequate  biological  laboratory,  such  as  the  Newport  oat 
enlarged  might  afford,  equal  in  means  and  equipment  to  that  at  Napla. 
or  at  least  to  that  recently  completed,  largely  through  private  enter- 
prise, at  Plymouth,  England.} 

'  See  Proc.  American  A»iocialioH  A.  S.  1S91,  vol,  xi..  p.  449^451. 

t  Repart  Harrard  Col,  1S91,  p.  182. 

t  la  hin  address  before  the  American  Aaeociution  for  the  AdTauoement  of  SciBDC, 
in  189),  Presideot  Proscott,  rcferriug  to  this  geuernl  suhject,  said: 

"TonurtureiiivestigntioLi  ill  science  is  the  largont  opportunity  before  the  Americin 
people.  Reaenrch,  systematic  aud  winely  dincted,  roijnires  good  orgauizatioD  uf' 
stroDg  support,  tlie  siipiiort  of  many  poneiH.  It  niuHt  have  the  support  of  alil*  ■'■'' 
peniisteut  men.  It  needs  the  ronfcrence  of  workers,  and  the  dissemi nation  of  Iciki pl- 
edge in  societies  like  this.  It  n-ants  the  intereHt  and  the  confidence  of  the  pnblir. 
It  asks  nod  irill  always  obtain  the  coustsnt,  helpful  uae  of  the  press.  It  rcqni'" 
distinct  provision  in  colleges,  and  in  tlio  inntitntionH  of  higher  eilncatioo.  Itong" 
to  be  sustained  expressly  by  the  Government,  Ivofh  in  the  several  States  and  udiI" 
the  United  .Itales,  and  sustained  on  liriMid  and  permanent  foundations.  PtiD-  '' 
needa  private  benefactions.  Rosenroh  i«  the  giowth  of  years.  Letitbe  thedeai*"' 
of  all,  and  let  this  call  6nd  utterance  everywhere." — Proctedvtf  Jm.  Jm«o.,IS91i '"'' 
^^■'P""-  DC,  :ecb>G00glc 
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11. 

Immediately  connected  witli  oar  colleges  and  universities  is  auother 
eld,  iu  which  additional  endowments  are  greatly  needed,  viz:  for  fel- 
•iffshipB  in  science  for  post-graduate  studies. 

Ui>ou  tlie  post-gradoate  workers,  the  fiitiire  of  science,  and  the  re- 
raits  for  future  teachers  and  professors,  must  necessarily  depend.  In 
lat  view  the  iiuxmrtauce  of  poat-grailuate  endowments  in  science  can 
:areely  be  magnified.  The  great  majority  of  the  young  men  from 
'horn  all  the  new  recruits  munt  be  drawn  have  little  or  no  i>ecuDiary 
leaaa.  After  graduating,  often  throngh  many  difficulties,  they  must 
MB  the  question  of  their  future  calling.  They  must  consider  what 
iromise  of  a  reasonable  and  comfortable  support  a  life  devoted  to  sci- 
ence affords.  If  this  risk  should  not  deter  them,  still  there  are  many 
fiith  talents  of  a  high  order  who  would  be  absolutely  unable  to  proceed 
iirther  in  the  advanced  scientific  studies  necessary  to  qualify  them  to 
enter  upon  remunerative  scientific  work,  or  to  obtain  situntious  as  pro- 
fessors or  assistants,  except  by  the  aid  of  substantial  endowments  for 
their  support,  during  the  three  or  four  years  more  of  necessary  assidu- 
ous study. 

In  the  stress  of  modern  life,  and  in  the  allurements  towards  more 
certain  i>ecuuiary  results,  nothing  hut  such  endowments  can  avert  the 
withdrawal  from  scientificpursnit^sof  manyyonngmenof  high  promise, 
whose  genius  and  tastes  and  ambition  strongly  incline  them  to  science, 
aud  who  would  be  secured  to  it  if  this  temporary  support  were  afforded. 
The  endowments  of  our  colleges  and  universities  in  aid  of  i>ost-gradu- 
ate  work  in  science  are  much  less,  I  suppose,  than  is  commonly 
imagined.  I  flud  no  such  support  for  post-grailuate  work  iu  science, 
either  at  Cornell  University,  at  the  University  of  the  City  of  New 
York,  at  Brown  University,  at  Amherst,  or  even  at  the  Johns  Hopkins 
University.  Ko  statement  of  the  endowments  of  the  uew  Clark  Uui- 
Ttrsity  at  Worcester  has  as  yet  been  published.  Princeton,  though 
having  abundred  nnder-graduat«  scholarships,  has  but  one  post-gradu- 
ate fellowship  for  science;  Yale  but  two, — the  8illiman  and  the  Sloane 
I  Fellowshiiw. 

I  Columbia  College  has  two  fellowshix>s  expressly  restricted  to  science, 
The  Tyndall  Fellowship  of  tdiS  annually,  and  the  Barnard  Fel- 
l«»8hip,  before  referred  to,  of  about  $500  annually.  Besides  these, 
however,  twenty -four  general  university  fellowships  have  l>eea  estab- 
lislied,  of  1500  each,  for  |>ost-graduate  study,  of  which  eighteen  are  in 
pfesent  operation.  About  one-third  of  these  are  assigned  to  scieace; 
makiugnow  eight  for  science  at  Columbia,  with  probably  two  more  iu 
ItW  or  1894.  In  architecture,  moreover,  there  are  three  additional 
""hie  poflt-graduate  fellowships  at  Columbia,  the  Schermerhorn  of 
",300  annually,  and  the  two  McKim  Fellowships  of  $1,000  each,  to 
™Pport  study  iu  foreign  travel.  In  the  Medical  Department,  also, 
Mere  are  4ve  valuable  prizes  for  proficiency. 


zecbvCitlOgIC 
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lT  Z-J^uri-  —-  •—  "-•-  ";:-—  ^.l^ji',.  F--i.^>j„-jB.  of  ^000  each, 
u  ..-»f-L  ."  — '-  -•  ^-r.i-^-r..  ,r^.i...  -— rai— J  -i  tW  Bedtcsl  school 
TK  »r-  '*■'  "■••^  -l^"""  :•■•■•  '"-  >»~i.--  ^-~crKT^  T"  fv-k-oc^  pxchi 
•;""  i.«!n-~  --.f 'Z —.•I...'  ?-■'.. . T-!! -■  T  h:*mr  ^^iH#  annually,  and 
■  3i#-''!:'*  ■•  ^"^  ■^"^  *^.  ii.--it->[.  .i»(»'a  Zj.'i^-nip  Fnnd.  the  pria- 
AL  ■(■'  Ti-i-t  i-it'tr  i.-.iH"  •-.  i»^  yir--"  K-  iJi?,-.  «4eTen  other  gm- 
£  fcj.^-i- ;-!.  -^  Titr  7  i.-i  -r  -:«  S^rs  ii.t£_  ki-J  :iie  3lorgan  Fd- 
Tit.  j:*--  *r-\-:tK  j-  ai  auy  branch,  (rf 
»— i-^f^  -  -<.*'^irti.  These  feUow- 
■•  *""••  k  -r*Ar.  Harvard  halt  also 
rn»:"tiT-  -c^i*s,Ts.  TaiyiDg  iii  in- 
ut"i  i>;«.-  ■*T:rai«»n  are  ass^roed 
.  Jn-  c-La^  ?.•-  The  report  of  Prtrf 
-ii'-iT'O^  >c  Tine*-  poei-gradaat« 
^TT-y;!-  «■  »':i  vere  in  sei*«ce. 
L.i  T»:r»-{T^  "i*  *i.i.  The  Deaji  adds: 
.*  s:\::    '^•ry    •«n«rw«#  to  incet  the 

■  TT.-i  :.•  (fcter  the  fradnate  scbool 
*--<i;-'-r-~"    Th«7  tables  published 

■  ■.--L.'-mrT  «>f  tbanse  Dot  aided  irith- 
f  .--~*rs  vbowere  entered  for  the 
oel-L  :f  !.-t  aided. afterwanb  leave. 
:^r  &rt.  S4)  encoaniging  also  fur  the 
;-'K  tt>  eaitr  a|ton  ascieDtific  career, 

thai  aiJ  m'sj"  ii^  *r:.j"j-Ml  :Lr>e  f«-:;4.».u:i«  for  the  fall  tenu  of  three 
y*'ar*.  -AiA  did  ifi  i-ur.iiTiae  tbesr  snidUs  farther  abroad,  at  once 
M-<*^fvwI  honorable  p^-^iiion-^ 

From  xhf.  alxiv*-  sj-nui'^i--^  it  ap|«ars  that  in  all  these  colle^r*^  (and 
1  know  of  no  oili<rr  Bitriilar  fcllitvsbi)t^  el^vbere>  there  are  only  aboal 
\¥fii\\ -ix  ad»^|U.ilely  endnved  post-frradoate  fellowships  in  scieufe. 
Am  t)i'-<ur  ftboald  lie  continne^I  for  at  least  three  years,  there  is  prD^isioii 
rtlioa*-Mn;r  for  only  about  nine  per  year — not  one  fourth  the  n amber 
iM|iiiM-d  ill  oiipply  the  annual  1os.s  in  our  150  colleges,  to  say  notliing 
of  rh^  iMi'ti-iininK  demand  tbrongh  the  growth  and  iinproTements in 
l|i<^  roll'-K'''*  tli^'MiHelveH.  As  it  is  from  such  Hpecially  trained  students 
lliiil.  Ill':  (fre^it  pmresHors  of  the  future  must  be  drawn,  the  ncednf 
rnii'^li  KM'iiter  fiidownients  for  Dew  recniib^  is  apparent. 

Ill  r.nKliinil  Ml'- aids  afforded  by  fellowships  in  their  universities  ar« 
rmrnlliit'  to  nil.  Hir  Isaatr  Newton,  who  is  to  modern  science,  nhat 
Hhiihi'M|iciin-  iH  III   literature,  was  snstainetl  from  his  student  dayu sav- 

-  lUpori  Uarrard  Col.,  1891,  p.  92. 
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ceesively  in  a  acliolur»lii|t,  a  fellowship,  and  as  ]irufe»m)i'  at  lYiuity 
College  at  Cambridge.  Besiden  tbose  aids.  The  Koyal  CoiiimiSHionerH 
of  the  Pjxhibitioii  of  1H.~)1  iii»ritiited  liiRt  year  (1891)  "Exhibitiou 
science  8cbnlar8bip«"  for  advanced  Ktiideuts,  to  wliirh  $25,000  yearly 
i»  to  be  applied  in  suuis  of  97r>0  each.  Last  year  sixteen  appointment:* 
were  innde,  to  be  held  for  two  mid  probably  for  three  years  by  i^tudents 
who  show  capacity,  and  "who  advance  science  by  experimental  work."" 
Ou  tliitt  subject  a  most  interesting  discnssion  took  place  la»t  year  in 
the  French  Academy  of  Scieuce.  On  April  27,  IRfll,  the  Secretary 
read  the  following  extract  from  the  will  of  the  late  M,  Cahourm,  a  de- 
ceaned  member  of  the  Aca^lemy : 

"1  have  fi^quently  had  the  opjtortunity  of  observing,  in  the  course 
of  my  scientific  career,  that  niuny  young  men  difitingulsbed  and  en- 
dowed with  real  talent  for  science  found  themselves  obliges!  to  aban- 
don it,  becanse  before  beginning  tlicy  bad  no  efficacious  help  which 
provided  them  with  the  first  necessitieH  of  Ufe,  and  allowed  them  to 
devote  themselves  exclusively  to  scientific  studies. 

"  With  the  object  of  encouraging  sncli  youug  workers,  who  for  want 
of  sufficient  resources  find  themselves  powerless  to  finish  works  in 
course  of  exe<-utiou,  -I  bequeath  to  the  Academy  of  Sci»!nceH 

-  -  .  100,000  francs,  ■  ■  ■  the  interest  to  be  distributed  yearly 
by  way  of  encouragement  to  any  young  men  who  have  made  them- 
selvea  known  by  some  interesting  works,  and  more  particularly  by 
chemical  researches;  -  ■  ■  as  far  as  possible  to  young  men  with- 
out fortune,  not  having  salaried  offices,  and  who,  from  want  of  a  sunt- 
cient  sitaatiou,  would  find  themselves  without  the  [wssibility  of  follow- 
ing up  their  researches.  These  iKwuuiary  encouragements  ought  to 
be  given  for  several  years  to  the  same  young  men,  if  the  Commissiouer 
thinks  their  jiroductious  have  sufficient  value;  -  -  -  to  cease 
when  they  shall  have  other  sufficiently  remunerative  jxisitions." 
M.  Janssen,  then  addressing  the  Academy,  said: 
'•This  afibrds  an  examjile  to  all  who  hereafter  may  desire  to  encour- 
age the  scieuces  by  their  liberality.  II.  Cahoura,  who  knew  the  urgent 
ueceMSities  of  science,  had,  like  must  of  us,  become  convinced  of  the 
need  of  intrmUicing  a  new  fuiin  of  scientific  recompenses. 

"Our  j>rize8  will  always  continue  to  meet  a  great  and  noble  necessity. 
Tlieir  value,  the  difficulty  of  obtaining  them,  and  the  erlat  tliey  take 
from  the  illustriousness  of  the  body  that  grants  them,  will  always  make, 
them  the  highest  aud  most  valuable  of  reeompenses.  But  the  value 
also  of  the  works  it  is  necessary  to  pi-oduce  in  order  to  lay  claim  to 
them,  forbids  them  to  beginners.  It  is  a  field  only  accessible  to  ma- 
tured talents.  But  there  ai-e  many  young  men  endowed  with  precious 
aptitudes,  inclined  to  i»ure  science,  but  turned  very  often  from  this 
envied  career  by  the  difficulties  of  existence,  and  taking  with  regret 
a  direction  towards  more  immediate  results,  Aud  yet  many  among 
■Ppr  Sir  William  Tboippwin,  J'rocfnUiigi,  Kogal  SvHeIg,  1H91,  voL.  i,  p.  226.C 
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them  itotttie^s  tulents,  whicb,  if  wi^ll  cultivated,  miglit  du  bouor  and 
good  to  acience.  -  -  -  Tiieae  diffivultiea  are  iucreatjod  vvery  day  by 
the  marked  advance  of  the  exigeiiviefl  of  life. 

"  We  must  find  a  proinpt  remedy  for  this  Btat«  of  tLiags,  if  we  do  not 
ffiuli  to  see  an  etid  of  the  recruitment  of  nu-iencc.  This  truth  is  bej^n- 
uiiig  to  be  generally  felt.  The  Govemmen  t  has  already  created  insti 
tutiouB,  scholarships,  and  encoiiragements,  which  partly  meet  theneces^ 
sity.  Some  geuerons  doitors  are  also  working  in  this  matiner.  I  will 
mentiou  8|>ecially  the  noble  tbiindatiou  of  Mile.  Dosne,  in  accordance 
with  wbOHe  instructionH  a  hall  is  at  this  moment  being  built,  where 
young  men,  having  shown  distinguished  aptitudeit  for  liigb  administra- 
tion, for  the  bar,  or  for  history,  will  receive  for  three  years  all  tiie 
meaus  of  carrying  ou  high  and  peaceful  studies.  Let  us  say  then 
plainly  {and  in  speaking  thus  we  only  feebly  echo  the  word8  of  the 
most  illustrious  members  of  the  Academy),  that  it  i»  by  following  tbc 
way  so  nobly  opened  by  Oabours,  that  the  interests  and  prost>ectfl  of 
science  will  be  most  efficiiciously  served."* 

Huxley  is  said  to  have  once  stated  that  "any  country  would  find  it 
to  its  interest  to  spend  $100,000  in  first  finding  a  Faraday,  and  then 
putting  him  in  a  position  where  he  could  do  the  greatest  amonut  of 
work."  It  is  the  post-gra^luate  endowments  that  must  first  fiud  and 
retain  to  science  the  Faradays  of  the  future. 

A  notable  instance  of  the  neeil  and  value  of  such  aid  is  found  in  the 
recently  appointed  liead  of  a  great  university,  who  by  such  endowments 
alone,  here  and  abroad,  it  is  sui^l,  was  enabled  to  prosecute  his  studies 
for  ten  years  successively,  reaching  thereby  the  front  rank  in  his  chosen 
department  of  itbilosophy. 

III. 

Another  department  in  great  need  of  pecuniary  support  is  that  oftbe 
learued  and  scientific  societies.  In  these  England  is  pre-eminent.  Our 
own  societies  have  endeavored  to  follow,  so  far  as  they  could,  their 
English  models.  The  English  societies  have  rendere<l  to  science  iuval 
nable  service  in  three  main  lines: 

1.  In  providing  ample  means  for  tlie  publication  of  scientific  papers, 
showing  the  progress  and  the  results  of  their  scientific  work.  In  this 
every  society  has  taken  part. 

2.  In  the  direct  maintenance  of  original  research,  in  which  the  Boyal 
Institution  has  been  most  conspicuous. 

.'{.  In  the  award  of  prizes  for  scientific  distinction;  but  still  more 
im|>ortatit,  in  the  distribution  of  pecuniary  aid,  for  the  prosecutiuii  of 
special  scieutitic  resenrclies. 

(1)  Of  these,  I  regard  publication  as,  i>erhai)s,  the  most  important; 
not  only  because  it  puts  the  world  in  possession  of  what  has  been  done 
hv  investigators;  but  because  the  very  fact  that  there  are  means  of 
■  yalMre,  M»y  7,  IMl ;  voirxuv,  p?  15\ 
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pablication,  is  one  of  the  grtiateBt  iiicitemeute  to  complete  nnd  tborougli 
ori^ial  scieutific  work. 

Of  the  Gnglisb  societies  tbe  Royal  Society  is  the  oldest,  having  been 
chartered  in  1662.  It  taas  published  181  volamea  of  TransactionB  and 
ahout  50  volumes  of  Froceedtngs.  For  these  purposes,  in  1881  the 
expenditure  "was  between  $11,000  and  $12,000.  It  has  proi>erty  to  the 
value  of  about  two-tliirds  of  a  million  of  dollars,  more  than  half  of  vbich 
in  in  trust  funds,  held  for  scientific  uses.  The  income  on  tbe  trust 
funds  in  1891  was  about  «17,500.*  In  1828  Dr.  Wollaston  in  giving  it 
$10,000  in  3  per  cent,  consols  "to  promote  scientific  reses.rches," 
charged  upon  the  society  "not  to  hoard  tbe  income  parsimoniously, 
but  to  expend  it  liberally  for  tbe  objects  named." 

The  Boyal  Institntion  of  Great  Britain  was  founded  in  1779,  largely 
througli  our  countryman  James  Thompson,  of  Rumford,  Vt.,  aftorwards 
Count  Bumford.  In  1888  it  hfid  property  and  invested  funds  for  general 
pniposes  to  tbe  amount  of  $350,000,  and  about  $40,000  of  invested 
fuuds  for  tbe  maintenance  of  its  three  professors.  In  1887  it  expended 
about  93,000  in  publications,  and  it  has  issued  about  40  vo]ume8.t 

The  Linnffian  Society,  now  furnisbe<l  by  tbe  Government  with  per- 
manent accommoiiations  in  Burlington  House,  free  of  rent,  was  founded 
by  i^ir  James  K.  Smith  in  1788,  and  is  devoted  to  botany  and  zoology. 
Its  proiierty  amounts  to  about  $32,000,  hot  it  has  no  endowed  funds 
for  scieutiHc  investigation.  For  some  years  past  its  receipts,  mainly 
from  contributions,  have  been  about  $10,000  a  year,  of  which  one-half, 
about  $5,000,  is  spent  on  its  publications,  which  now  number  nearly  50 
volumes  of  Transactiotts  in  quarto,  and  as  many  more  of  its  Journal. 
In  188S  $7,000  were  exjiended  in  publicatiou.t 

Next  in  order  of  time  is  tlie  British  Association  for  the  Advancement 
of  Science,  founded  in  1831.  It  is  sustained  chiefly  by  yearly  contribu- 
tions. It«  invested  liinds  aniouitt  to  alwut  $62,000,  Its  income  and 
contributions  are  about  $10,000  annually,  out  of  whicli  it  appropriates 
from  $6,000  to  $7,000  per  annum  for  the  encouragement  of  scientific 
investigations,  and  about  $1,800  annually  for  its  yearly  volume  of  pro- 
ceedings.   Its  pablicatioDS  now  number  twenty-five  volnmeB.§ 

The  Ray  Society  was  founded  in  1844.  It  was  named  after  the  Rev. 
John  Ray,  who  lived  from  1628  until  1705.  Hatler,  himself  one  of  the 
greatest  scientists  of  his  time,  writing  in  1771,  in  the  full  light  of  Lin- 
nsus'fame,  calls  Ray  "  the  greatest  botanist  within  the  memory  of  man."i| 
The  society  has  jmblished  about  fifty  volumes  of  scientific  works  of  the 
highest  importance.  I  have  not  seen  any  statistics  concerning  its  means 
or  acquisitions;  nor  have  I  found  any  financial  report  of  the  scieutific 
Societies  of  Edinburgh  or  Dublin. 

•  Proceediiig»,  1891,  vol.  L,  p.  233. 

i  Report,  1888,  p.  13. 

1  Pi-ocetHmg*  [Ha;  4,  1888],  1690,  ]>p.  15,  4R. 
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(2)  Of  tliese  societies,  only  the  R^tya)  liiHtitutiou  direirtly  BiipporU 
professors  for  scieiitilic  researcli.  It  lias  two  laboratories,  one  t-hemical 
fiud  one  pbysical.  These  were  iv-bnilt  in  1K72,  "  in  order  that  originBl 
discovery  might  be  moi-e  eflectively  carried  on.''  The  society  was  fonaded 
for  the  declared  purjiose  of"  piornotiiig  scientific  and  literary  reseai-ch." 
It  has  three  jirofessors, — one  in  chemiHtry,  one  in  physics,  and  one  in 
physiology.  I>avy,  Faniday,  Tyudall,  and  others  who  have  spent  their 
lives  there,  have  made  its  annals  immortal. 

(3)  In  stimulating  research  by  the  ap|>ropriation  of  moneys  for  spe- 
cific objects,  the  Boyal  Society  and  the  llritish  Association  are  the  chief 
agencies.  Besides  some  of  its  own  fiuids,  the  Royal  Society  tljstrihat«8 
anmiaJly  £4,000,  or  $20,000,  granted  by  the  Government  "for  the  ad- 
vancement of  science."  This  has  been  done  by  applying  it  toimmerooB 
purposes;  in  1891,  for  fitly-seven  different  scientific  objects,  in  snniM 
rangingfh>m  $25  to  93,000  eiich;  not  confined  to  natural  (<cience  aloney 
but  including  ethnology  and  magnetic  surveys.  Most  of  the  grants 
were  in  sums  of  about  $350  or  less,* 

The  British  Association  has  disbursed  annually  for  the  last  forty 
years  from  tC,000  to  $7,000  i>er  annum,  apon  the  same  system  of 
dividing  it  up  for  numerous  8i)ecific  purposes;  nsually  from  thirty  to 
forty  objects  yearly,  the  grants  being  in  sums  ranging  from  $25  to  $1,000. 
The  grants  are  called  for  and  expended  for  the  B|)ecific  pnrpose  named, 
and  ander  the  direction  of  some  prominent  scientific  man.  Scientists 
like  Sir  William  Thompson,  and  others  of  like  reuowii,  have  had  the 
administration  of  many  of  these  grants.  These  have  included  for  the 
last  SIX  years  (save  in  1890),  the  appropriation  of  $500  per  year  for  a 
table  in  the  Naples  Marine  Laboratory.! 

We  have  no  single  society  in  this  country,  save  the  Smithsonian,  that 
can  rival  in  importance  those  that  I  have  named  In  England.  And  the 
Smithsonian  is  not  a  society,  but  an  institution,  estAblisbed  t>yone 
man,  and  he  an  Englishman.  This  Institution,  based  upon  the  bequestof 
James  Smithaon,  vraa  founded  by  act  of  Congress  of  August  10,  l&W. 
I  doubt  whether  in  any  country  or  in  any  age  the  bequest  of  half  a 
million  of  dollars  has  ever  been  followed  by  such  beneficent  results,  or 
has  ever  so  profoandly  eCfecte^l  the  life  of  science  in  any  coantry,  as 
the  Smithsonian  Institution  has  done  in  America  during  the  last  forty- 
four  years  of  its  existence-  This  has  been  owing  (l)to  the  wisdom  and 
the  profound  scientific  insight  ol  Prof.  Henry,  its  first  secretary  and 
director;  and  (2)  to  the  corps  of  able  assistants  and  suc<ressors  whom 
his  spirit  and  policy  have  inspired.  Its  publications  number  26  quarto 
volumes  of  Contribntions  to  Knoirledge.  40  volumes  of  Muc^Utneoui 
CoUfftioni,  and  44  volumes  of  AnHnal  Hrports.  Us  ContrUmtiom  to 
KnotcMge  rival,  if  they  di>  not  excel,  in  rarity  and  importance,  the 
publiciitions  of  any  other  society  during  the  same  period.    Its  eipendi- 

•  rntr»»rfiMii,  JNH,  vol.  i_  p.  242. 
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tiii-v  iu  jxiblk-iitiuuK  in  ulxiut  ifl]2,rt(H)  a  yotir.  Uiidin'  J'ruf,  JIviiry  a 
good  deiil  was  done  in  researcb.  Under  Pt«f.  Laiiglev,  llie  pieaetit 
director,  aMtro-pLysical  rtisearcli  in  carried  on.  BeHide.-s  the  <lirect 
scientific  work  of  tlie  1  ustitiitioii,  liowevei',  its  iiiHiLeDec  has  Iti-eu  very 
great,  especially  in  its  relations  with  the  other  dei)artnientH  at  Wash- 
ington, and  as  a  medium  for  the  prosecution  of  other  scieutit!c  enter- 
prises, ttiider  authority  of  Congress.  Many  of  tlie  appropriations  of 
Congress  for  scientific  expeditions  for  researchef  in  ethnology,  palaeont- 
ology, cbein  istry,  and  physics  have  been  due  to  the  presence  and  co-op- 
eration of  the  Smithsonian  Institution.  For  ethnologic  researches 
nlone,  during  the  last  twelve  years,  under  thtt  lulministration  of  the 
Smithsonian,  Congress  has  appropriated  $400,000;  to  pala-onttdogic 
researches  within  the  last  three  years,  $160,000;  tochemical  tind  phys- 
ical researcli,  $G8,000;  and  to  astro-pbysit-al  research,  $10,000.  Be- 
sides these,  there  have  been  for  many  years  appropriations  for  main- 
taining the  imjKtrtant  investigations  of  the  Coast  aud  Geodetic  Survey, 
and  of  tlic  Weather  Bureau  in  Meteorology;  and  for  the  great  scien- 
tific work  of  the  Naval  Observatory, and  of  tlie  various  scicntiflo  divis- 
ions of  the  Agricultural  Department  and  of  the  Geological  Purvey. 
Our  Government  has  been  by  no  means  inactive  in  science. 

Tlie  principal  American  scientific  associations,  omitting  those  of 
comparatively  re<',ent  origin,  are  the  American  Philosophical  Society  of 
Philadelphia,  originally  founded  in  1744;  the  American  Academy  of 
Arts  and  Sciences  at  Boston;  the  Boston  Society  of  Natural  History; 
the  Academy  of  Natural  Sciences,  and  the  Franklin  Institute,  at  Phil- 
adelphia; the  latter  founded  in  lr424  (see  JoumtU,  vol.  i,  pp.  71, 120); 
the  New  York  Acailemy  of  Sciences  (a  contiiiuatiou  of  the  Lyceum  of 
Natural  Bistory);  the  National  Academy  of  Science  at  Washington, 
founded  in  1863;  and  the  American  Association  for  the  Advancement 
of  Science.  Of  these,  the  Philosophical  Society  has  published  29  vol- 
umes of  its  Transactions;  the  American  Academy,  20  volumes  of 
Transactions  and  9  quarto  volumes  of  Memoirs;  the  Boston  Society  of 
Natural  History,  25  volumes,  at  a  cost  of  about  $600  per  year ;  the 
Academy  of  Natural  Science  of  Philadelphia,  48  volumes  of  Proceed- 
ing! and  12  quarto  volumes  of  its  Journal,  at  an  average  cost  of  about 
|1,«00  per  year;  the  Franklin  Institute,  1;13  volumes  of  its  Journal; 
the  New  York  Academy  and  its  predecessor,  about  30  \'olumes  of 
Trunaactions  and  Annals;  the  National  Academy,  3  quarto  volumes  of 
Memoirs  and  some  volumes  of  Proceedings;  and  the  American  Asaoci- 
atioii  for  the  Advancement  of  Science,  about  40  volumes  of  Proceed- 
ings. 

The  latt«r  society  had  in  1891  a  "Research  Fund"  of  $5,254.  (Pro- 
ftedings  1891,  p.  441.)  None  of  the  other  so4:ieties,  so  far  as  I  can  find, 
liHS  any  fund  sx>eeially  devoted  to  research,  or  makes  any  specific 
^I'propriationfi  therefor.  The  National  Academy  and  the  Academy  of 
I'hihidelphia  have  each  some  funds  for  their  supi>ort,  and  the  latter  also 
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tlLe  Jessap  Fuiid  for  students  in  science,  on  which  the  income  is  ftbout 
4550  yearly.  The  Philosophical  Society  from  time  to  time  awards  tlie 
prize  estatilisbed  by  John  Hya<.-intti  de  Magellan  iu  1786,  an  oval  gold 
plate,  "for  the  most  useful  discovery  ur  invention  in  navigatiou  or 
science."  One  of  the  earlitwt  awards  of  this  prize  was  for  paintmg 
lightning  rods  with  black  lend. 

The  American  Academy  of  ArtH  and  Sciences  awards  a  gold  and 
silver  medal  from  a  bequest  of  $5,000,  made  to  it  by  Coout  Kumfor^ 
who  in  1796  made  a  similar  bc<iuest  to  the  Boyal  Society.  In  1886 thi^ 
prize  was  most  worthily  awarded  to  Pi-of.  Michelson  for  liis  researches 
iu  light.' 

The  Boston  Society  of  ^^^atnral  History  has  a  general  fund,  of  which 
the  income  is  about  96,000.  It  ha^  also  a  small  Walker  pcixc  food 
and  a  grand  prize  fund,  from  which  in  1884  it  awarded  a  grand  prize 
of  $1,000  to  James  Hall,  of  Albany,  "for  his  distinguished  services  to 
science."  It  also  administers  the  exiienditnre  of  about  $2,700  a  year 
for  instruction  in  laboratory  work,  drawn  from  the  Boston  Cniveralf. 
and  $1,500  ftom  the  Lowell  fund  for  the  instruction  of  teacliers-t 

From  this  comparison  of  the  voluntary  associations,  it  ap|>ears  that 
the  property,  endowed  funds,  and  equipment  of  the  English  sodeties 
named  are  nearly  tenfold  greater  than  the  American,  and  their  publi 
cations  double;  while  for  direct  original  research,  our  societies  main' 
tain  no  laboratories  and  no  professors,  as  is  done  by  the  Royal  Instita- 
tion.  The  English  societies  distribute  yearly  from  $25,000  to  $30,000 
for  from  sixty  to  seventy-five  different  scientific  purposes,  while  onrs 
make  no  such  appropriations,  simply  because  they  have  no  funds,  to 
supply  this  deficiency  there  is  need  of  large  endowments. 

The  publications  of  our  societies  are  valuable ;  the  papers  have  oftCD 
been  of  a  high  character,  rivaling  those  published  abroad.  But  the 
funds  available  for  publication  are  iasufScient;  it  is  always  a  qnestioo 
of  means.  There  ure  a  press  and  surplus  of  valuable  scientific  matt«r, 
which  either  is  not  printed  at  all,  or  only  gets  printed  by  special  sub- 
scriptions for  the  purpose.  This  ought  not  to  be.  After  valuable 
original  matter  has  been  produced  with  great  pains  and  without  hope 
of  pecuniary  reward,  nothing  is  more  discouraging  to  future  research 
than  thai;  even  publication  can  only  be  had  as  a  charity.  This  I  know, 
from  repeated  personal  applications,  is  the  condition  of  things  in  Kew 
York  at  this  moment.  It  is  not  creditable  that  in  a  State  and  conutry 
like  ours  there  should  be  practically  nowhere  adequate  provision  lof 
even  the  publication  of  the  researches  of  thoae  who  work  for  notbinir 
but  their  love  of  science  and  its  progress.  There  is  very  great  need  of 
a  considerable  publication  tnud,  in  the  hands  of  some  scientific  body, 
through  which  every  valuable  contribution  to  science,  not  otherwise 
provided  for,  might  be  ensured  a  speedy  publication,  after  it  has  been 

*Proa.  Lovariug'ii  Addnas,  Proceedingt,   vol.  zjqv,  p.  380, 
{ProcMding;  vol.  xiiv,  p.  U.  i^jOtH^lc 
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foand  -worthy,  as  in  the  priKtice  of  the  LionieaD  Society,  first  by  a 
critical  exiM-rt  in  the  particular  department,  and  then  by  the  ciinucil 
of  publictitioii.* 

The  stiiiHilUH  UMii'vover  to  scieitttflv  reseaieh  that  wuuld  be  imparted 
by  the  distribution  of  comparatively  small  squib,  such  an  are  iriven  by 
the  B<iysil  Soc-iety  ami  by  the  British  Astiociatioii,  would  also  be  very 
great;  nor  in  there  any  reason  why  the  louiidiug  of  professorships  for 
the  express  purpose  of  proBccnting  original  reseai'ch  in  our  scientific 
»ocietiet^  after  the  model  of  the  Boyal  Institution,  should  not  in  time 
be  followed  by  results  equally  bi-UIiant,  aud  equally  beneficial  to  man- 
kind. 

I  have  endeavored  to  point  out  three  main  directions  in  which  there 
IB  urgent  need  in  this  country  of  pecuniary  endowments. 

(1)  III  relief  of  professors  during  the  transition  of  tbp  colleges  fVom 
the  M* I lool- master  system  to  the  university  system,  whereby  all  profess- 
ors in  science  shall  becomeactively  enlisted  in  the  prosecution  of  original 
lUscovery  as  a  part  of  their  duties. 

(2)  In  providing  for  the  future  recruits  in  acien(«,  by  more  endow- 
ments for  iiost-graduate  study. 

(3)  By  endowments  of  oar  scientific  associations,  both  directly  to 
promote  original  research,  aud  especially  also  to  supply  larger  means 
of  publication. 

It  is  {fratifying  to  jwrceive  what  beginnings  have  been  recently  made 
in  response  to  the  needs  of  science.  Only  a  short  time  since,  in  1885, 
Mrs.  Elizabeth  Thompson,  of  Stamford,  Conn.,  gave  $25,000  to  a  board 
of  tmstees  of  which  Dr.  Bowditch,  of  Boston,  is  president,  for  the 
"advancement  of  scientific  research  in  its  broadest  sense."  The  in. 
come  is  annually  distributed  in  sums  of  from  two  hundred  to  five  hun- 
dred dollars. 

Mr.  Hodgkins,  of  Setauket,  Long  Island,  has  recently  bequeathed 
to  the  Smithsonian  Institution  $200,000,  the  income  of  one-half  of  which 
is  to  be  devoted  to  research  into  the  properties  of  atmospheric  air. 

Columbia  College  has,  during  the  past  year,  received  from  Mr.  De 
Costa's  estate,  before  referred  to,  $100,000  for  biology;  Harvard,  the 
Joseph  Lovering  fund,  above  stated;  $10,000  from  Henry  Draper  for  the 
photography  of  stellar  spectra;  the  endowments  in  archteology,  above 
named ;  and  some  smaller  gifts  for  various  scientific  purposes.  The 
University  of  Chicago  and  some  other  institutions  have  also  received 
important  gifts,  not  to  mention  those  yet  to  be  realized  to  other  colleges 
from  the  estate  of  Mr.  Fairweather. 

By  a  recent  bequest  of  Charles  Tveiming,  the  Academy  of  Sciences  of 
Philadelphia  will,  in  time,  receive  $20,000;  while  half  a  million  of  dob 
lars  will  go  to  the  ITniversity  of  Pensylvania  in  aid  of  instruction  in 
theoretical  and  practical  mechanics,  and  $200,000  to  maintain  scholar- 
ships. At  this  I'niversity,  also,  a  superb  structure  for  the  "Wistar 
"  Presidtul  CarrutberH,  Proceeding*,  lAn.  ■See.,  Miiy,  18!>0,  p.  39.  . 
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Institute  of  Anatomy"  is  now  building  by  Gen,  Isaac  J.  Wistar,  at  a 
cost  of  about  #200,000,  including  endowments  designed  for  original  re- 
aearcli.* 

Our  reliance  in  tbii^  country  must  be  mainly  ui>on  jtriviite  endowmenu 
and  an  intelligent  apjirefiiation  of  the  needs  of  science.  The  national 
Goveniuient  has  done,  and  is  doing,  niucli  in  <tertain  dire<!tions.  Bat 
aside  from  the  dispositions  of  legislators,  it  is  restricted  by  the  provi- 
sions of  the  Federal  Constitution,  and  by  debated  questions  of  constitu- 
tional right.  State  aid  is  not  thus  hampered ;  but  State  aid  is  difficult 
to  obtain,  to  any  ade<inate  degree,  on  account  of  the  previous  babitK, 
prejudices,  and  political  training  of  the  people.  No  doubt  this  ought 
not  so  to  be.  The  State  of  New  York  ought,  abstractly  considered,  to 
maintain  one  university  of  the  first  class  equal  in  e\'ery  department  to 
any  in  the  norld.  But  the  multiplication  of  institutions  already  exist- 
ing, local  jealousies,  and  aversion  to  State  taxation,  make  this  nov 
probably  impracticable. 

The  remedy  is  with  the  people,  and  through  their  own  voluntary 
methods.  It  is  the  jHiople  who  ha\e  made  our  Government,  its  insti- 
tutions, its  methods,  and  the  great  aggregate,  whatsoever  it  is,  such  »£ 
we  see  it  to-day.  Wcjilth  is  rapidly  accumulating;  much  of  it  in  tlie 
hands  of  those  who,  springing  from  the  jieople,  bear  the  love  of  tlir 
community  in  their  hearts ;  and  when  they  and  the  people  at  large  shall 
come  to  see  that  the  cause  of  scientific  advance  and  the  disi'overy  of 
all  new  truth  are  in  the  deepest  sense  their  cause,  resimnses  will,  1  K- 
lieve,  come  to  every  urgent  need;  until  the  work  of  the  i>eople,  by  its 
own  methods,  shall,  even  in  science,  be  able  to  confront,  uithout  shame, 
the  best  work  of  the  monarchies  of  the  Old  World. 

'Siuce  the  above  was  written  uu  additioiial  luillion  of  ilollani  Iia«  been  given  by 
Mr.  .lohit  D.  Rockefeller  lo  the  UuiTeraity  of  Chica);o,  making  K).G00,O0Ogiveu  by 
bim  ulonu  ti>  tliat  iustituttnii  nithiii  Icxs  thitii  throe  yean,  »  inimifiociico  hitherto 
niieziuupleil  in  private  endowments,  Honii^  portions  of  wliieh,  it  ix  ho|>ed,  will  b« 
avatlablu  for  the  uiainteuancii  i>f  original  scientillc  resvarch. 
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Tht.^  wnl  telef;rn)ih  wsm  iiitHHliu-eil  ttboiit  one  Uuutlred  years  ago  !i« 
a  name  Cor  a  ui«an«  of  conveyitig  intelligent-e  to  a  diKtaure  by  meams  of 
sigHn,  The  signs  were prodiicod  in  ii  variety  of  ways,  as,  for  example, 
by  tbc  sbai>eH  or  ixwitioiiH  of  bodies  i)lac'ed  on  bigh  poles,  or  by  letters 
or  words  of  auflicieiit  magnitude  similarly  cxpospd.  The  meaning  of 
the  word  telegntpli,  int«rprotwl  by  its  oiigiual  uae,  wonid  thus  be  to 
write  or  make  Bigus  at  oii<«  place  in  nucIi  a  way  thattbey  could  be  read 
or  interpreted  at  a  distunt  pla«o.  It  appearn,  tlieivfore,  that  so  long 
iui  we  confine  our  attention  to  curly  inetbo<lH  of  telegraphing,  the  signs 
or  signals  were  made  at  the  sending  station  and  read  from  the  receiv- 
ing station.  Moilern  usage  givos  a  slightly  dift'ei-ent  meaning  to  the 
word,  namely,  a  means  of  producing  viBible.  andible  or  written  signs 
at  a  distance.  That  is  to  say,  the  signs  are  to  he  produced  at  the  re- 
ceiviDg  station.  This  was  first  accomplished  on  an  extensive  scale  and 
at  great  distain:cs  by  nieanB  of  electricity.  Methods  of  transmittiug 
eonnda,  or  even  Bpi>ech,  to  moderate  rlistanccs  by  meiins  of  tubes  and 
by  means  of  what  wc  now  call  string  or  mechanical  tclcphoneiJ  have 
however  l>een  known  for  several  centuries. 

Methods  of  conveying  intelligence  to  a  <listance  have  been  known 
imd  nsed  from  very  early  times.  Fires  seem  to  have  iM-en  the  earliest 
means  employed  for  giving  signals,  and  we  find  such  signs  referred  to 
ill  the  writings  of  the  Prophet  Jeremiah,  of  Escbylns,  of  Polybius,  and 
iitbers.  Schottus,  in  his  Techmca  Vurwaa.  proposes  the  ai>pIication  of 
the  telescope  to  view  posts  enacted  on  an  eminence  at  a  diKtant  station, 
and  on  which  signs  were  t«i  be  placed.  The  Marquis  of  Worcester,  in 
his  Ventvry  o/rxi'^nfiortA,  enumei-atesaday  nnd  anight  telegraph;  and 
Kessler,  in  liis  Ciyncealed  ArU,  proposes  to  cut  out  letters  in  boards  and 
make  them  visible  at  a  distance  by  placing  them  over  the  end  of  a  <;aak 
in  which  a  light  is  burning;  the  letters  or  other  characters  being  ex- 
posed  in  proper  suwession  any  message  can  be  transmitted. 

One  of  the  earliest  telegraphs  of  which  we  have  now  a  dirc^it  repre- 
sentative was  the  flag  signals  introduced  alwut  the  middle  of  the  sev- 

'  An  nddrosH  on  the  iici'iMLOD  of  tlip  (Vntetinial  cele1<ratio)i  of  tito  orgnnizatioii  of 
'he United  (*tfttoa  Patent  Offloe,  ileltvereiUii  W(i»hinKton.  {I'rortrditigt  and Addratti, 
ISl.  pp.  175-198.) 
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enteeuthceDtnryby  the  Duke  of  Ti»rk(afterwaid  James  11,  of  England), 
who  was  at  that  time  admiral  of  the  English  fleet.  This  was  thfi 
begiatiuig  of  the  flag  tclegniph  rttill  used  for  comrouuicatiug  between 
shipH  at  uea,  originally  introduced  for  the  purpose  of  dire«tiug  tlw 
man<euvers  of  the  fleet.  In  1684,  l>r.  llohvrt  Hook  comiiiuulcated  t» 
the  lioyal  Society  of  London  a  proposal  for  a  telegraph.  In  this 
method  the  signs  were  to  consist  of  bodies  of  different  shapes  placed  on 
high  poles  in  an  exposed  iH>sition.  Some  years  afterwards  a  similiir 
method  was  proposed  to  the  Aca<Iemy  of  Sciences  by  M.  Amontons,  a 
French  nntural  philosopher.  In  1767  Mr,  R,  L.  Edgeworth  proposetl 
to  telegraph  by  meauH  of  t^e  arms  of  a  wind-mill,  the  positions  of  the 
armH  of  the  mill  to  be  used  to  indicate  the  signals.  In  1784,  the  same 
author  proposes  to  make  the  signals  indicate  numbers,  and  to  interpret 
by  means  of  vocabularies  of  numbered  words.  In  1794,  the  semaphore 
telegraph  of  M.  Chappe  was  adopted  by  the  French  Government.  This 
telegraph  consisted  of  a  higii  post  and  two  bars  of  timber,  the  uuddle 
one  pivoted  to  one  end  of  the  other,  and  the  free  end  of  this  second 
bar  pivoted  to  the  top  of  the  post,  so  that  the  wLoh-  of  the  motions 
could  take  place  iu  a  vertical  plane.  The  positions,  relative  to  the 
vertical  or  horizontal,  of  the  two  nrnis  indicated  the  signal.  These  and 
other  modifications  of  tbe  semaphore  have  been  at  various  times  used, 
and  are  still  used  on  railways  for  train  signals. 

The  chief  interest  of  these  early  telegraphs — a  great  many  forms  of 
which  might  be  enumerated — is  in  illustrating  the  faet  that  some  meaus 
of  couveying  intelligence  to  a  distance  quickly  and  without  a  messen- 
ger has,  from  the  earliest  times,  been  recognized  as  of  great  importance. 
It  is  well  also  to  keep  before  us  the  things  that  have  been  done  in 
earlier  times  when  we  attempt  to  judge  of  the  advances  which  have 
been  made  by  modern  invention. 

The  telegraph  of  to-day  is  almost  entirely  electrical,  and  in  its  pres- 
ent form  it  is  of  comparatively  recent  growth.  It  may  l>e  well,  how- 
over,  in  this  branch  also  to  glance  briefly  at  the  early  history  of  the 
subject.  To  begin  with  what  we  may  call  the  fable  period,  we  find  in 
the  year  1617  an  albisioD  in  one  of  Strada's  Prohtaione*  AcwtemiixF  ta 
the  belief  that  there  existe<l  a  sympathy  Itetweeii  needles  which  had 
been  touched  by  a  species  of  loadstone,  which  caused  them  always 
to  set  parallel  to  ew^fa  other  if  they  were  free  to  take  up  such  positions- 
Two  sncb  needles,  it  was  itaid,  itouldbe  used  to  ci>nvey  intelligence  (a 
any  distance,  because  if  they  were  pivoted  on  cards  marked  with  let- 
ters or  words  and  the  i^ard  properly  placed,  so  that  corresponding 
letters  occupied  similar  )M)sitions,  when  one  needle  waN  made  to  [wint 
to  any  letter  or  mark  the  other  needle  would  immediately  iMiiut  to  the 
corresponding  mark  on  its  card.  The  same  belief  is  referred  to  by 
Oalileo  in  <me  of  his  diiilogues  iu  1632,  and  again  by  the  Abbe 
Itarthelemy  in  a  work  entitled  "Voyage  du  .Teuue  Anarehai'sis."  p«b 
lished   in   1788.     So  fur  this  may  be  said  to  be  mere  fable,  bat  it 
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<;iv'eH  uii  idea  wliat  were  tlit-u  lookt;  1  ui>uu  as  posniliilities  in  mu^uet- 
ism.  itutt  we  can  hardly  bel|i  c^tinpariog  with  thette  ideiiK  rwiiim  almost 
equally  extraordiitary  ones  which  are  iKcaMioiiHlIy  exprettsed  at  the 
|ireseiit  day  with  reH|>e<.'t  to  electricity. 

The  discovery  of  Stephen  <iray,  in  17^1',  that  the  electrical  iudiiencc 
could  bt<  conveyed  to  a  distance  by  lueann  of  an  iiisulateil  wire,  is  prob- 
ably the  lirat  of  direct  intlueiicc  in  connection  with  teleKi-uphy.  As 
a  result  of  this  discovery,  and  the  iuvestitfations  which  tollowed  it,  we 
dnd  a  considerable  nuiuberof  proposals  to  use  I'lectrtcal  fon'es  for  the 
ti-ausmissioh  of  intelligence.  The  first  of  theseof  which  there  is  any 
ret^ird  was  made  by  Charles  Morrison,  of  Renfrew  Scothmd,  in  a  let- 
ter t*i  The  Nrofa'  Magnzine,  Kdinburgb,  for  February  17,  175;t,  aixl 
signed  "  C.  M."  •  As  many  iusiilate<l  wires  ivs  there  were  characters 
tot>e  signaled  were  to  iMt  erected  between  the  two  stations.  At  the  re' 
ceiving  station  the  ends  of  the  diflcrentwii-cs  were  to  be  cimuccted  ton 
MerieK  of  balls,  underneath  which  the  characters,  printed  on  light  pieces 
of  pa|Mir.  were  to  be  place<l.  If  any  one  of  the  wires  beciinie  electri- 
Bed  by  the  distant  end  being  put  in  conta<:t  with  the  sounre  of  electrif 
ity,  the  character  under  the  ball  on  the  end  of  it  wouhl  be  attractcHl 
and  thus  indicjite  the  xfgnal.  An  iutcreKtiug  modification  was  aun- 
cested  in  the  same  letter,  namely,  to  replace  the  balla  by  a  series  of 
bells  of  difleient  pitch,  arranged  in  such  a  way  that  when  the  wires 
became  electrified  they  would  discharge  into  the  bells  and  caiist^  them 
to  sound:  -  -  ■  "  the  electric  spark.  t)reaking  on  bells  of  different 
size,  will  inform  his  correspondent  by  thesound  what  wires  have  l>een 
louche<l;  and  thus,  by  some  pra4'ticc  they  may  come  to  understand  the 
laugaage  of  the  chimes  in  whole  words  without  being  put  to  the  trouble 
of  noting  down  everj- letter."  A  similar  telegraph  was  invented  in  1707 
l)y  Joseph  Itozolu)',  a. lesuit  and  a  lecturer  on  natural  philosophy  in 
Home.  (See  al/atlii  poem,  entitled  "Miiriani  I'urthenii  Electroconun." 
in  VI  Libros,  Roma,  17fi7,  p.  34.)  In  1774,  a  telegraph  on  the  H;ime  piia- 
L'iple  was  established  by  Lu  Sage.  In  this  system  each  wire  termi- 
nated in  a  pilh-bidl  electroacojie,  and  the  signals  were  reatf  in  accord- 
uDccwith  the  indications  of  these  electroscopes,  of  which  twenty-four 
vere  use-d.  This  telegraph  was  improved  ni>on  by  Lomond  in  17.^7, 
one  win-  only  being  use*l,  and  a  code  of  signals  forming  the  means  of 
interpretation.  A  similar  proposal  was  made  by  H('tau<'o«rt  in  the 
same  year  and  again  by  Cavallo  in  il'.m.  The  latter  pi-o[>oHed  to  ust; 
uoDibinations  of  Mpiirks  as  ii  etxlc  of  signals.  In  171U,  Reticeu  jtroposed 
to  cut  letters  out  of  tin  foil,  lowing  a  series  of  short  interruptions  of 
the  tin  toil  at  short  distances  apart,  so  that  »  distdiarge  of  electricity 
around  the  tin  toil  would  illiiniinute  the  letter  by  a  series  of  sparks. 
This  method  of  producing  illiiminateil  patterns  is  still  a  comroon  class- 
nxmi  expenment  in  physical  lectures.     The  next  to  proiww  the  nse  of 

■The .|U«ittii.ii  ..r  11..- ia.'iitily  of  '■('.  M."  is  diH<iiHB...l  >ii  "A  History  «r  Kluijtrie 
Tdegraphy,"by  J..I.  Fahik  t  r,«nil..ii,  1NS4|,  pp.  6N-77.  ^.tOOi^K 
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Htatic  el»»etricity  for  telt-jtrapliie  purj*'*'*®''  sceuis  t«  liave  beeu  Konaldft, 
of  Hamiiiersiiiitli,  in  18H>.  In  tliiK  tt-legrapli  ttie  If^tteiH  were  printed 
on  a  disk  wliicli  van  inoiiuted  on  tbe  seconds  arbor  of  n  clock.  One  of 
tlie  clottks  wiiN  plat'^t)  at  the  Kvuditig  and  the  re<^'eiviii};  stations,  unil 
arrange)!  t<>  bring  (^orresiKiiidiiig  letters  BimaltancoiiKly  opi>o!)it«ii  Hnutll 
window  in  the  dial  of  the  clock.  When  the  proper  letter  was  exixised 
a  signal  was  sent  by  means  of  a  pith-ball  telegraph.  This  telegraph 
wiui  inoi'e  vouiplicated  than  several  which  biive  been  mentioned  above, 
and  reijuired  two  iilocks  going  synchrononsly. 

In  the  year  1767  an  important  observatioD  was  made  by  8iilKer.  He 
limnd  that  when  two  plates  of  different  metals  were  placed  one  above 
and  the  other  below  tbe  tongne,  a  peculiar  seusatioD  and  taste  were  fell 
when  the  metals  touched  each  other  outside  the  tongue.  Siilzer  faili.'d 
to  find  the  explanation  of  thin  phenomenon,  and  nu  further  advance 
was  made  until  the  well-known  frog  exiwriments  of  Oalvaui  gave  fresh 
impetus  to  the  subject.  Tbe  di(«'0V4Ties  of  \'olta  aud  the  inveDtioii  of 
the  voltaic  pile  shortly  followed.  In  the  same  year  (1800)  an  attem|>t 
to  close  the  circuit  of  a  voltaic  battery  by  meaus  of  a  drop  of  water  Iwl 
Nicholson  and  Carlisle  to  the  discovery  that  water  is  decomposed  by 
the  galvanic  current. 

This  gave  rise  to  the  galvanic  or  electrolysis  telegraphs  of  Soiuuit- 
ing,  Coxe,  and  Sharpe.  and  is  the  basis  of  all  the  chemical  printing  aud 
copying  telegraphs  which  have  in  iiKUt*  rei'ent  times  bi>eu  produced. 
Siimmering's  telegraph  was  invented  in  1809,  aud  was  similar  in  princi 
pie  to  that  of  Morrison,  except  that  the  decomposition  of  wat«r  and 
conaei)uent  accnmulation  of  gas  in  a  setles  of  tubes  gave  the  necessary 
indicatiims.  To  call  attention,  it  was  pn>]Hised  in  coiniectiou  with  tlir 
telegraph  to  liberate  an  alarm  by  means  of  au  accumulation  of  git«. 

i'rof.  Coxe,  of  l^eunsylvaiiia,  descril>ed  a  similar  telegraph  in  1810, 
and  pn)iH)se«l  to  use  either  the  deconi)>o8ition  of  water  or  of  metallie 
salts.  Mr.  J.  U.  Sharpe  progxtsed  a  voltaic  telegraph  in  1X13,  and 
exbtb)te<l  it  before  the  Li>nU  of  rhe  Admiralty,  ■'who  s]toke  approv- 
ingly of  it.  but  added,  that  as  war  was  over  anil  moni'j'  scane,  they 
ccHild  not  carry  it  into  eftwt.  (See  Utiiertmg  »/  ArU,  Be<!i>nd  Series, 
vol.  xxix,  p.  l'.S.} 

i'erhaps  the  mtt»X  important  electrical  discovery  in  itn  inducuce  mi 
telegraphy  was  nmde  by  ItoniagneKJ,  nf  Trente.  in  I.-^IS.  but  recciveil 
little  attention  and  no  devehtpnicnt  until  it  was  I'e-discoveriNl  by 
Oersted  in  isil).  This  was  ihc  discovery  that  a  wire  conveying  an 
electric  current  i.s  capable  of  deHectiitg  a   nntgnctic  oeeille.     In  the 

'lowing  year  Sihweigger  discuvcicd  that  the  detlccttng  fon-e  ffas 
incrciise<l  when  he  wound  the  wire  several  times  round  the  uctille. 
These  two  discoveries  funned  Ihc  fiuiiidatinn  for  the  construction  of  the 
giilvanoscoiH-s  aii<l  giilvaiioiiielers'slnce  so  nuich  usi-d  in  cimnecltmi 
with  electrical  applionccs  aud  mcasnicinciils.  Out-  of  the  must  cxieii- 
"vc  iipplicalions  has  In-eii  t"  telegraphy. 
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(¥alvdno8(»)pu\  or,  as  tliey  have  boeii  mure  <H)niriiiinIy  called,  iietHlle 
telegraphs  rt-HuIted  very  ^hoi'tly  from  tlieNe  diNtraverieH.  In  tbis  field 
of  iureDtioii  we  find,  pnimiiient  auinuc  the  caily  workers,  the  distiri- 
gnished  iiamcK  of  Aiiipen%  (rauss,  and  Weber.  Ampere  proposed  a 
tunltiple  wire  telegraph  with  galvaiioseope  indicators  in  18U0.  A  modi- 
tie»tiun  of  Ampere's  telegraph  was  can-ied  unt  by  Kitchie,  and  after- 
wonls  exhibited  in  Edinbargh  by  Alexander.  In  this  telegraph  thirty 
■wires  were  used,  tweuty-six  for  the  letters  of  tbe  alphabet,  three;  for 
uigns  of  puiK'tuntionj  and  one  for  the  end  of  a  word.  The  galvaooscope 
needles  each  carried  a  small  screen  which  in  its  normal  jmsitioD  cov- 
ered the  letter,  but  wbiuli,  on  tbe  passage  of  a  current  through  the 
wire,  was  drawn  aside,  exposing  the  letter  t^i  view.  The  transmitting 
keys  were  arranged  like  the  keys  of  a  jtianii- forte.  Witli  the  ex<^ep- 
tioD  of  the  use  of  galvanic;  inst4-ad  of  stivtic  electricity  this  telegraph 
-was  not  much  in  a<lvauce  of  tbe  proposal  of  Morrison.  A  single  cir- 
cuit ttJegraph  was  invented  in  the  year  L82i^  by  Tribaoillet,  who  also 
U8e<l  a  galvanoscope  as  the  indicator. 

In  1833,  aflve-needle  telegraph  was  invented  by  Scbilling,  who  also 
used  a  single  neeille  and  single  circuit  telegrajth,  u.iing  reverse  cur- 
rents and  <^>iubinati(m.s  of  signals  for  an  alphabet.  Models  of  this 
telegraph  were  nnMie  and  exhibite<l  before  the  Emperor  Alexander 
and  others,  but  ScbUliug  unfortunately  died  before  any  practical  result 
was  attaineil.  In  lS%t,  Schilling's  telegraph  was  devehi|>ed  to  some 
extent  by  Gauss  and  Weber,  who  used  it  for  ex|)eriniental  purposes. 
The  chief  modification  intnxinced  by  these  cx))eriment«rH  was  the  snb 
Btitution  of  induced  currents,  producctl  by  the  motion  of  a  coil  of  wire 
surrounding  a  bar  magnet,  tor  the  galvanic  cnrreuts  used  by  8<',hilling. 
The  following  translation  of  a  part  of  a  i-ejHtrt  of  the  nmgnetic;  observa- 
tions of  these  physicists  given  in  Poggandorfs  AMnnleii.  xxxii,  p. 
568,  is  quotetl  from  Sabine's  Etcntrlf  Trlegniith :  '■  There  is,  in  connec- 
tion with  these  arrangements,  a  great  and  until  now  in  its  way  novel 
project,  for  which  «e  tnv  indebteil  to  Prof.  Weber,  This  gentleman 
erected  during  the  past  year  a  double-wire  line  over  the  honses  of  the 
town  (Odttingen)  from  the  Physical  <'abinet  to  the  Observatory,  and 
lately  a  continuation  from  the  hitter  building  tu  the  Magnetic  Observa- 
tory; thus  an  immense  galvanic  chain  (line)  is  formed,  in  which  the 
galvanic  current,  the  two  multiplierp;  at  the  ends  being  included,  has 
to  travel  a  di.itaiu-e  of  nearly  !MMMl  (Prussian)  fei^t.  The  line  wire  is 
ntostly  of  copjier,  of  that  known  in  eoniinerce  as  'No.  ;t,'  of  which  one 
meter  weighs  eight  grams;  the  wire  of  the  multipliers  in  the  Mag- 
netic Oliservatctry  of  irop|»er,  ■  Xo.  14,'  silvered,  ami  of  wliich  oihi  gram 
measures 2.6 meters.  This  arrangement  promises  to  oH'er  opiH>rtunities 
for  a  number  of  interesting  ex])eriments.  We  regaid,  not  without 
atlmiration,  liow  a  single  pair  of  [dales,  bn)nght  into  contact  at  the 
further  end.  instantaneouslyconuunnicatcsamovcmcnt  to  thetnagnetie 
bar,  which  is  ilellect«il  at  once  for  over  a  thousand  divi-sions  of  the 
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scale."  Auc]  hirtlier  uii  tu  tbc  ^anie  report:  "The  eswe  and  <-ertiuuty 
witli  whicli  the  maiiipulaU)r  Uuk  the  directiou  of  the  current,  i*nd  there- 
fore the  moTenieut  of  tlic  luagiietic  needle,  iu  hie  commitDd,  by  means 
of  the  eomuauieator,  U)m1  a  year  ago  8Ugget«ted  experiments  of  ui 
application  to  telegraphic  signaling,  which,  witli  whole  word»  aud  even 
tthort  eeDteiices,  completely  succeeded.  There  is  no  doubt  that  it  would 
t>e  poHsible  to  arrange  an  uiiinterruptetl  telegraph  communication  in 
the  same  way  between  two  places  at  a  considerable  nnniber  of  mik« 
distance  fnini  each  other." 

The  methiMl  of  producing  the  currents  in  (iausH  and  Weber's  exper 
tDieiits  was  an  application  of  the  iinimrtaut  discoveries  of  Faraday 
aud  Henry  in  the  induction  of  currents  by  currents  and  by  maguetft, 
which  have  since  twrne  so  very  imiiortaut  fruit  in  the  field  of  dyuaoiu- 
electric  machinery. 

On  the  recommendation  of  Gausa  this  telegraph  was  Uvkeu  up  by 
8teiuheil,  who,  foilowiug  their  example,  also  used  indnced  cuiTents. 
The  important  contributions  of  Steinheil  were  the  discovery  of  the 
earth  circuit,  made  while  attempting  to  use  the  rails  of  a  railway  as 
telegraphic  conductors:  the  invention  of  a  telegraphic  alphabet  and  a 
recording  telegraph.  Of  these  the  discovery  of  theeai-th  circuit,  made 
ill  1S37,  has  proved  of  gi'eat  vulue.  An  interesting  description  of 
Steinheil's  telegraph,  together  with  illustrations  of  the  magneto-electric 
and  recording  apparatus  use<1  on  the  line  ereitt^Hl  in  1837,  betweeo 
Munich  and  Bogenliausen,  will  be  found  in  Sturgeon's  Arntah  of 
Eteeirieity  (vol.  iii).  This  iiccoimt,  written  by  Steinheil  bimHelf, 
shows  that  he  had  at  that  time  ai>  excellent  appreciation  both  of  the 
mechanical  and  electrical  properties  whieli  a  gooil  practical  electric 
telegraph  should  have,  aud  also  that  he  was  well  versed  in  the  knowl- 
edge then  existing  of  electrical  science.  The  relative  merits  of  sc-opii-. 
acoustic,  and  recording  telegraphs  are  discussed,  and  the  advantages, 
which  ex]ierient'e  has  since  brought  into  pnuuineuce,  of  the  acoustic 
telegraph  is  pointed  out.  A  very  good  discussion  of  the  most  econom- 
ical method  of  arranging  signals  for  a  telegraphic  aJphabet  will  alsu 
be  found  in  this  itaiter. 

Schilling's  telegraph,  which  we  have  just  seen,  was  the  model  on 
which  Gauss  and  Weber's,  aud,  therefore,  also  Bteinbeil's  telegraplis 
were  hase<l,  was,  as  we  shall  see  presently,  also  the  basis  of  Cooke'w, 
aud  of  Cooke  and  Wheatat'me's  nee4lle  telegraphs. 

Previous  to  the  date  which  we  have  now  rea<^'hed  (1837),  another 
I'lMMjhmaking discovery  had  been  made,  which  has  hiul  great  iali"- 
euce  on  telegraphy.  This  was  the  <liscovery  of  the  umguetizini: 
infiucncf  of  the  current.  The  discovciy  of  Oersted  was  followed  by 
Ampere  in  a  hnig  scries  of  n^seurches,  in  which,  among  other  thvaffi' 
\w  established  the  mutual  attractions  and  repulsions  of  wii-es  ciuryinc 
cunvnls,  the  fact  that  the  voltaic  element  itself  acts  on  a  maguel  lit'" 
any  utlier  part  of  the  cin-uit,  and  that  a  spiral  of  wire  tbniiiu^  pxit 
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*if  ii  cm-tiit,  Wdiild  tiiuf;iii-ti/A-  steel  i»-fdk*s.  In  tlie  winie  jeiu'  M. 
Arago  found  tliat  a  wire  conveying  uii  electric  curient  attiiu-ttd  iron 
tiliugH,  anil  in  1824,  the  law  of  tlie  variation  of  niaj,'netic  force  witli 
varying  diatnntre  from  tlie  wire  was  investigated  liy  Bariow.  lu  182,"), 
Stnrgooii  found  that  a  bar  of  soft  iron  was  reiulfrcd  tpnijxirHrily  mag- 
netic if  tiurrounded  by  a  lielix  of  wire  tUrongh  wliich  an  cletitric  our- 
rent  waa  jtasHinjr.  In  tlic  year  1827,  Obni  ]ini|>onnded  bin  iwlebrated 
law  of  tbt^  rondnction  of  currents.  In  1^31,  Faraday  in  England,  ami 
Henry  in  America,  discovered  tlic  induction  of  I'urrenta  by  clirrentoi 
and  by  inagnetK,  We  see  from  thcKc  leading  facts  Hmt  in  the  twelve 
years  sncceeding  Oersted's  discovery  the  knowledge  of  electricity  and 
iif  magnetism  in  tlie  directions  imiMU'tant  for  telegraphic  application 
was  very  great,  and  we  shall  see  that  it  ([uiclily  bore  fruit.  . 

Si-billing's  telegraph  was  exhibited  at  a  meeting  of  (lennan  natu- 
ntlistH  held  at  Bonn  in  lH3o,  and  was  there  seen  by  Prof.  .Maurice,  of 
Heidelberg,  who,  after  Mh  return  to  Heidelberg,  made  models  of 
ttie  telegraph  and  exhibited  them  in  his  class  room.  These  motlehs 
were  seen  by  Cooke  in  the  early  part  of  183C,  and  gave  him  the  idea 
of  introducing  the  electric  telegraph  in  Kngland.  Cooke  immediately 
set  to  work  to  construct  a  telegraph  on  a  similar  i>lan,  and  worked  out 
a  three-nettle  system  of  signals,  which  has  been  to  some  extent  con- 
fonn<led  with  the  five-needle  teh'grnph  afterwards  ])atented  aH<l 
introduced  by  him  in  conjunction  with  Wheatstone.  While  arrang 
iug  for  ex|>eriments  on  the  Limdon  and  Manchester  Kail  way, 
Cooke  was  introduced  to  Wheatstone,  anti  aft«rward  consulted  him 
as  to  dtfliculties  be  had  met  with  in  his  experiments.  A  partnership 
soon  followed,  which  led  Wheatstone  to  devote  considerable  attention 
to  the  subject.  The  re»>nlt  has  been  the  production  c»f  a  eonsitlerablc 
variety  of  telegraphic  apparatus  of  great  valne  and  ingenuity. 

Steioheil  was  anticipated  in  the  idea  of  making  the  electric  tele- 
graph self  recording  by  Morse,  of  New  York,  who,  according  to  a  con 
siderable  amount  of  evidoiu^e  brought  forward  by  Morse  himself, 
thmight  out  some  arrangement  as  early  as  l&f'J.  Exactly  what  Morse's 
first  ideas  were  seems  somewhat  doubtful,  and  he  did  nothing  till  18.(5, 
when  be  made  a  rough  model  of  an  electi-o-magnettc  recording  tele- 
graph. This  telegraph  consisted  esseatially  of  a  pendidum,  which 
carried  a  marking  pencil  on  its  lower  end,  and  which  could  be  dedeeteil 
hy  an  electru-tnagnet.  The  dctlections  of  the  pendulum  were  recorded 
f*u  a  band  of  paper,  which  was  moved  forward  by  clockwork  under 
the  pendulum,  and  simple  combinations  of  deflections  were  to  rev)re- 
'leut  numbers.  The  interpretation  of  the  message  was  to  be  msule  by 
means  of  a  telegraphic  dictionaiy,  in  which  the  words,  jihrases  or  sen- 
tences were  to  be  numbered.  There  was  no  hint  at  this  time  of  the 
alphabet  with  which  we  are  now  so  familiar  as  the  "Morse  Code"  or 
the  "Morse  Alphabet."  This  alphabet  now  almost  universally  used 
and  which  has  probably  done  more  than  anything  else  towat«l(jp)iw(\t- 
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Uiiliti};  tbu  iiiiiiie  nf  .Muiiso,  briiit;  lliat  wliivli  ]H^i')H-liia(i;s  tin-  iiauii' 
"  Morm>  System,"' W8«  iiot  iiiveiitcd  by  Morsci  but  by  Vail,  wlw  vra.- 
u«so<-iattid  n'itli  hiii)  in  the  <levi>l(>|imeiit  of  tlii^  t«'l4-;;rH]ib.*  Tlieilic 
tiriimry  of  iiiimlxTi'tl  woiils  i>i-()iMise«I  by  Miirse  was  piiiiHHW'd  by 
ICd^eworth  in  ITM,  in  connection  with  liis  semti|»lioi-c  telegritpli-  ^^^ 
moctel  niudu  in  1S35  sliowit  little  nie<-haDi(;al  ingenuity.  The  nu-th«) 
of  transmitting  the  nignalH,  wliicli  wim  by  mvans  of  typo  ni<ive>l 
thiougha  contuft-inaking  ilcvit-e,  was  Hoinewtiat  cnwle  and  much  leiw 
convenient  than  tlu' 8im])le  makc-and-break  cirenit  devin-H  of  sevcnil 
previoutj  workers;  and  the  electro-nmgnet  used  to  defiet't  thb  peudn 
Inni  xhoned  almost  ctmiplet**  ignorann-  of  the  prin<-iples  then  known 
of  eie<-tro- magnetism.  Tin'  t-bief  iH>)nts  of  interest  in  rionnection  willi 
the  eiirly  histoi-y  of  the  Morac  telegi'apli  lie  in  the  proi>osal  to  a-u- 
electro-magnetism  as  the  motive  finire  to  move  the  recording  iwnduloni 
and  the  idea  of  making  the  t^legrapli  self-recording.  Morse  made 
positive  claims  to  have,  been  the  tlrst  to  do  both  of  these,  and  it  seems 
proper  that  his  claim  should  be  examined. 

After  the  discovery  <»f  Sturgeon  in  electro-maguetism  lim-ame  known 
among  scientific  men  the  subject  was  taken  up  by  I'rof.  Henry,  wlio 
was  then  teaching  physicM  in  Albany  Academy.  An  account  of  part 
of  Henry's  experiments  was  published  iu  Silliman's  .-IwcrMfiw  ./oMnw' 
of  Ncienee,  for  Janaary,  April,  and  .luly.  1831. 

The  following,  among  other  things,  were  subjects  of  investigation  iu 
these  experimeirts :  The  laws  which  govern  the  magnetizing  efiV>ct  of  n 
helix  under  varying  eondtlions  as  to  iiumlxT  of  turns  in  the  helix,  na 
ture  or  arrangement  of  the  battery,  and  length  of  the  external  cirenit; 
the  carrj'ing  power  of  magnets  having  different  kinds  of  winding  und 
different  lengths  of  wire  in  the  coils;  the  construction  of  an  electn^ 
magnetic  engine.  The  transmission  of  power  to  a  distance  by  me»n# 
of  his  eleiitiH)- magnetic  engine.  Among  the  applications  were  the  clos- 
ing of  a  distant  electric  circuit  by  means  of  the  anuHture  of  an  electri)' 
magnet,  the  coils  of  which  were  included  in  another  cin'uit  passbg 
tlinnigh  an  operating  or  transnutting  station,  and  the  traasmission  of 
signals  ti>  a  distance  by  causing  the  armature  of  an  eletrtro-maKD^t  t«> 
strike  a  bell  each  time  a  current  was  sent  through  the  coils  of  the  may- 
net  from  the  transmitting  station.  The  latter  of  these  applications  was 
iilustnited  by  means  of  a  model  ap{iaratus  included  in  a  long  circuit  of 
wire  taken  sevenU  times  round  one  of  the  ix»)ms  in  Albany  Academy. 
The  following  claims  made  in  this  connection  by  I'rofessor  Henry  are 
well  fonndeil,  and  deserve  quotatiim: 

"(1)  Previous  to  my  investigations  the  means  of  developing  magnet 
ism  in  soft  iron  were  im]>erfectly  understood,  and  the  electric  magnel 
which  then  existed  was  inapplicable  to  the  transmission  of  power  to  « 
distance. 

"(2)  I  was  ilie  lirst  t4»  jirove,  by  actual  experiment,  that  in  order  to 
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develop  inagiK'tn^  |)uu'<;r  iit.  a  (liNttni'i-  ii  ^Mlvanit-  biitlary  ot  "tutciisii.v" 
must  b*'  einjtliiyH)  t^iprujwt  llii' ciincut  ttirmiRli  the  loufi roiniuctor, and 
that  11  magnet  suri'oniide<l  by  nitiuy  turns  of  <tii4-loii;;wii'i!iniist  heuHed 
b»  rwfivo  this  Ciirrpiit. 

"(3)  I  WHS  tiiP  fitst  to  iM^tnally  ma^'iK'ti/c  it  pierc  nf  Miftiron  atadis 
tam-e.  jnid  to  call  atti'iitinn  to  tliefiirtof  tli('a|i)ilf<'!itiiltty  ot  myexpor- 
itnentsto  thP  tflpt^iiipli. 

"(4)  I  wna  tliC  first  to  ai-tiisilly  nnniid  alx^ll  at  a  diNt^inr«lty  ilieitlisnf 
the  electro- mag in't. 

"(5)  Till'  principIfK  1  had  dcvcloiK-d  wwc  applied  by  Dr.  dale t«  ren- 
der MorscV  macliiiie  etti-ctive  at  a  distance,'* 

II  iH  to  lleury,  iindoid>lettIy,  tliat  in  dnc  tbe  (-n>dit  not  only  of  fii-Ht 
IMtintitifT  out  the  ap])livation  ol'elwtio-magnctism  to  telegrapiiy,  bat 
alrio  of  snpplyinjr  the  reiinisitc  knowleilgc  of  how  to  make  nia^tets  suit- 
able for  the  tntiiamission  of  signals  through  long  distanc<%  which  ren- 
dered the  practical  applit^atioii  jiossible  at  that  time.  Besides  this,  we 
see  that  Henry  sM^tnally  constructed  un  exiHTimental  line  and  ina^lethe 
first  ele<^tro-inagnelic  siiiinder.  whicli  MHisisted  of  a  receiving  magnet 
with  a  polarizetl  armature,  one  end  of  which  was  attracted  by  a  mag- 
net and  the  other  end  to  sound  a  bell.  Again,  in  the  metho<l  of  closing 
one  ciivuit  by  means  of  a  magnet  in  another  circuit,  we  have  the  elec- 
tro-maguetic  relay,  afterwards  rc-iiiveMte<l  by  Morse  and  otliers,  and 
now  very  widely  nsed  on  long  telegraph  circuits  iHith  for  closing  '■  loctal 
circuits"  and  for  "translation." 

The  credit  of  inventin{>  the  electro- magnetic  telegraph  was  claimed 
by,  and  has  usually  b(;en,  i>opularly  at  least,  given  to  Morse.  There  has 
been  some  dispute  as  to  who  first  suggested  the  elec^tro-mugnetic  tele- 
graph, tbe  idea  of  it  liaving  arisen  out  of  a  conversation  among  the  pas- 
sengers on  Imard  the  ship  6V.vduring  a  passage  fn)m  France  to  New 
York  in  18.12.  Dr.  Jackson,  of  Boston,  claimed  to  have  t>een  the  originator 
of  the  idea,  and  it  se«ms  not  unlikely  that  information  which  he  is  said 
to  have  given  with  reference  to  the  early  ex)>erinient»l  telcgra{)hs  then 
lieingworked  on  an<l  exhibited  in  various  ])arts  of  Eni'ope  did  originate 
the  idea.  It  is  notdear  however  that  tlie  use  of  the  electro-magnet  wu» 
suggested  by  Jackson,  and  there  is  sufficient  evidence  toshow  that  Morse 
had  ha<l  opportunities  of  seeing  a  copy  of  Stnrgam's  magnet  in  J'rof. 
Dana's  laboratoi-y  in  New  York.  The  magnet  made  by  Morse  was  itself 
almostan  exact  copy  of  this,  audit  was  only  aftiTfailareAvithit  that  he 
appealed  t4i  Dr.  (iale  for  aHsist4in<!e.  Dr.  dale  gave  the  necessary  in- 
formation and  supplied  the  materials  for  making  the  change,  afterwai-ds 
iuforming  Morse  that  he  had  learned  how  ts  arrange  such  an  apparatus 
from  the  writings  of  Prof.  Henry.  Probably  the  idea  of  nsing  an 
electro- magnet  was  original  with  Morse.  He  did  not  know  of  Henry's 
work  or  indeed  anything  about  the  sabj<!ct  Iwyoiid  the  few  experi- 
ments in  which  he  h;td  seen  Sturgeon's  magnet  used,  and  would  natu- 
rally turn  to  that  means  of  obtjuuing  motive  toFce.     It  is  not  uecessary, 
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Umvevt'i-.  wlicii|;iviii;;  iMorw  tine  crt-dit  forliis  originality,  to  ifjiiore  the 
fiU't  t1i»t,  although  niiknowii  to  liitn,  tliv  K<-iei)tifie  i»irtuf  tlie  invention 
Imd  ali-emiy  been  worked  out  by  Ueiiry,  and  besides  fbat,  tfar«mgh  Dr. 
Gale,  -Morse  artiislly  made  use  of  Hcni-y's  discoveries  before  he  sac- 
eeeded  in  mnking  bis  sclioine  practicable,  florae  afterwards  object's) 
to  Henry's  clainm,  wliich  were  brouglit  before  the  itublic  by  enforced 
testimony  in  the  law  courts,  and  not  by  any  individnal  motion  on 
Ht-nry's  part.  Tlie  jiublic  have  lauded  Morse  and  have  paid  him  liber- 
ally for  the  littlf  he  actually  did,  while  it  was  with  grent  difficulty  that 
Cotigre«8  could  be  jiersuaded  to  make  a  petty  allowance  to  Henry's 
family,  altlioagh  he  had  been  lor  many  years  a  public  servant,  and 
besides  had  jti-obably  added  more  than  any  other  man  to  the  scteiitiflc 
reputation  of  the  TTnited  States.  Many  people  think  that  scientifie 
men  ought  not  to  patent  their  discoverioM.  Which  is  the  better  known 
name,  Henry  or  Morse?  Would  not  Henry  have  gained  botli  in  popu- 
larity and  in  seientitic  reputation  if  he  ha<l  patente«l  and  made  the 
piibbc  pay  liberally  for  his  discoveries! 

From  the  biief  sketch  just  given  it  will  be  seen  that  in  looking:  over 
the  liistory  of  the  early  endeavors  to  jirotlui-e  a  telegraph  many  ideas 
have  been  bntugbt  forwitrd  as  to  coiles  of  signals,  alphabets,  tele^apbic 
dictionaries,  methods  of  calling  attention  by  alarm  apparatus,  metliods 
of  arranging  and  operating  the  circuits,  aud  so  on,  that  only  required 
an  efficient  motive  force  to  render  them  practical  and  reliable  systeiiis. 
In  reviewing  the  subject,  therefore,  we  are  foi'ced.totheconctuRion  tliat 
the  telegraph  was  not  the  invention  of  any  man,  but  the  result  of  a 
gradual  growth  toward  which  many  minds,  some  of  them  the  ablest 
the  scientific  world  has  known,  have  contributed. 

We  have  now  reached  a  stage  in  the  history  of  this  subject  when  in- 
ventors may  be  said  to  Imve  ha^l  thefnodamentalitrinciplesof  the  sab 
Ject,  as  it  now  stands,  before  tliem  and  we  have  simply  to  look  for  de 
vt^lopments.  These  developments  have  been  greatandof  a  very  varied 
ch.tractei*.  It  is  impossible  in  this  address  to  do  more  than  sketch  a 
few  of  their  leading  features. 

As  already  sbited,  the  telegraph  of  Schilling,  through  a  model 
exhibited  by  Prof.  Mnncke,  of  Heidelberg,  gave  the  ideas  of  an  elec- 
tric telegraph  to  Cooke  in  the  year  1K36.  It  appears,  also,  that  Wheat- 
stone  was  aware  of  these  early  experiments,  and  had  himself  paid 
some  attention  to  the  subject.  His  experiments  on  the  velocity  ot  clw- 
trii-ily,  made  in  1S34,  are  .infficient  to  show  that  he  was  at  that  time 
aware  that  signals  could  be  prodnee<l  at  the  end  of  long  circuits  of 
wire  by  electrical  means.  The  joint  work  of  Cooke  and  Wheatstoiie 
led,  within  a  few  years,  to  considerable  iinprovenientji  in  the  needle 
telegraphs.  The  various  forms  of  needle  telegraph  nsed  by  tliem. 
resulting  in  the  final  adoption  of  the  single-needle  system,  for  a 
long  time  extensively  used  in  Kngland,  were  passetl  over  in  a  fef 
years.    Various  modifications  of  the  nee<lle  telegraph  were,  somewhat 
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later,  {latcutctl  Ity  tliu  brotlivr^  U,  and  E.  lii^litini,  iiu-liuliitt;  aii  inU^r- 
e«tiii(;f<Drin  ill  wliicli  tlie  onrreiit  van  i>aKSC(l  tbroiiKli  a  atrip  af  {{old 
le«f  plaoed  in  front  of  thfl  p«>lp  of  a  niii^n*t.  Ka^-h  time  the  cnn-eitt 
passed  tlie  gold  leaf  was  deHected,  and  thus  served  in  place  of  au 
jnile^  needle. 

A  patent  was  Kf^o^^)  **>  Wheatstono  and  Cooke  in  1840  for  improve- 
ments in  giving  si;;nalH  and  sounding;  nlanns  at  distant  places  by 
means  of  eleetri*^  eiirrents.  In  this  patent  the  first  form  of  the  Iett«r- 
shoTing,  dial,  or  A,  B,  C  telegraph,  as  it  has  been  varioosly  calle*!,  is 
described.  Improvements  were  snbseciiiently  made  in  this  apparatus 
by  Wheatstone,  and  several  modifications  have  been  mudeby  other  in 
veutora,  of  vhtch  the  bent  known  are  Krequet's,  Froment's,  Siemens', 
Cheater's,  Kramer's,  Siemens  and  Halske's,  and  Ilamblet's.  Tbe  first 
apparatus  de\'i8eil  by  Wheatwtone  was  at^tnated  by  voltaic  electricity, 
but  in  the  later  fonns  magneto-electricity  was  applied.  One  or  other 
of  these  methods  has  been  used  in  the  other  forms  of  apjutratus  for 
the  same  purpose.  Wheatstone  also  worked  on  a  type-pi-inting  tele- 
fjraph,  which  was  a  modification  of  his  A,  H,  C  instrument,  but  it 
never  came  into  practical  use.  Probably  the  greatest  achievement  of 
Wheatstone,  judged  at  least  bf  its  practical  results,  was  his  automatic 
reconliug  telegraph,  which  is  so  largely  oBed  for  press  and  other  long 
dispatches  in  England,  and  which  has  attained  to  marvellous  speeds 
for  a  me<rhanical  recorder. 

Morse's  telegraph  first  came  before  the  Patent  Office  in  the  form  of  » 
caveat  filed  by  him  on  the  3d  of  October,  1837.  The  following  inven 
tions  were  specified:  First,  a  system  of  signs  by  which  nnnit>ers,  and 
itmseqiiently  words  and  sentences,  are  signified;  second,  a  set  of  type, 
;idapted  to  regulate  and  communicate  the  signs,  with  rules  in  which 
to  set  up  the  type;  third,  an  apparatus  called  the  [xirt  rule,  for  regu- 
lating the  movement  of  the  type  rides,  which  ndea,  by  means  of  the 
tyi»e,  regulate  the  times  and  theintervalsof  the  pa.S8age  of  electricity; 
Tonrth,  a  register,  which  records  tho  signs  permanently;  fifth,  a  dic- 
tionary, or  vocabulary  of  wonls,  numbered  and  adapted  to  this  sys- 
tem of  telegraph;  sixth,  mixles  of  laying  conductors  to  pn-seive  them 
from  injury. 

This  caveat  gives  a  gootl  idea  of  the  invention  by  Morse  of  the  re- 
fonling  teleirraph  previous  to  his  partnership  with  Vail.  The  partner- 
ship was  agreed  upon  in  September,  1837,  and  according  to  it  Mr.  ^'ail 
nndertook  to  construct  at  his  own  expense  and  exhibit  Iwfore  a  com- 
mittee of  Congress  one  of  the  telegraphs  "  of  the  plan  ami  invention  of 
Morse;"  that  he  Rhoald  give  his  time  and  personal  services  to  the 
work,  and  assume  the  exjieuse  of  exhibiting  the  apparatus  and  of  pro- 
coring  patents  in  the  Uuited  Status.  In  conBi<leration,  Vail  was  to  re- 
ceive one-fourth  of  all  the  rights  in  the  invention  in  the  United  States. 
Provision  was  also  made  for  securing  to  Vail  an  interest  in  any  foreign 
patents  which  he  might  furnish  the  means  to  obtain.*     A  large  amount 
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ut'(l<>t'iiiii<.'iilai7  c\iilfiii^'  ht'iirjii^  uii  tlii'  <l<-vi-l<i|)iii(!Dt  iil'  tb«  tvlogi-ii|>li 
I'xiHtr:  ill  the,  ]Mt4S(>Ksi(iii  ot'Mr,  Villi's  t'uiiiily,  mid  iii  tlii'  NiUioiiiil  Mil 
wuui  at  Wiisliiii'Ttoii.  Kniiii  tliis  evidenr)'  there  -lecmM  no  d<>ii1>t  Imt 
thiit  Morse  iisHiiiiird  und  tus  lici>ii  lU^nirdi-d  very  luiicti  iiioiv  than  lii< 
shiiif  (if  the  iii'iiit  «l'  tlic  iiivi'iitinii  of  the  tch'KiJiph  iis  it  is*  now  kiiowii. 
The  jiaieiits  titkfii  out  in  Morse'^  iiniiit'  iucliidcd  many  imjxirtiinl  itii 
)ivi>veiiK!nts  wliu-h  witc  (Mitiicly  due  to  Vidl,  and  for  which  Morw 
promtBed  tn  giv<'  hint  riwlit.  ii  iiminiKe  whiidi  wns  never  |iiih)icly  re 
deemed.  The  iil|>li<>''*'l^  "<>"'  "^^^■•1  "*""-  •>"■  '  Imve  jiheady  said,  workwi 
out  by  Vail,  who,  it  iijtjx-aiN,  first  hcyaii  its  forination  hy  an  attctD|il 
to  elassify  the  letters  of  tlie  alphabet  aeeordiiifi  to  fi'('i|nein-y  of  (K-iur 
reDCi',  with  tlic  view  of  {rlvMin  these  letters  to  siin|>lt'st  sijriis.  After 
working  on  this  for  some  time,  it  oci-iirred  to  liim  that  vatiiaiile  infor 
tnatioii  mi^iht  Ih-  obtained  in  a  printing;  oHiee,  and  a  visit  to  an  adjii 
cent  newapaiier  oHiee  sliowod  him  the  whole  pnthlein  solved  in  tlif 
printers'  type  tray.  Thft  alplial)et  which  he  afterwai-ds  tiirmed  is  still 
used  in  this  eonuliy  and  also,  with  some  simplifications,  as  a  Earopean 
and  international  eotle.  The  mmlifiratioa  of  the  recording  apjtaratn" 
from  the  vertteal  i>ciidiihini  and  rot'ordinj;  i>enci1  to  tlie  compact  inittni- 
niciit  with  a  horizontal  lever  and  metallic  Rtylns,  marking  hy  indenta 
tion,  nse<l  on  the  first  telegraphic  line  between  Washingtuu  and  Ifaiti 
wore,  was  also  due  to  Vail.  Many  other  things  might  be  menttoiietl  t" 
show  that  ill  the  early  stage-s  of  this  inveiiti<m,  which  has  marked  m< 
wide  a  step  iu  our  modern  civili/ation,  the  name  of  Vail  deser\-es  ;i 
prominent  place.  It  Ih  very  unfortunate  that  his  own  miKleaty.  to- 
gether with  his  contideiiee  in  Morse's  promines  to  do  him  justice,  t>re- 
vented  the  matter  fn»m  being  publicly  ventilated  during  the  lifetime 
i>f  the  inventors. 

After  several  uuKuecessfnl  attempts  Ut  induce  Congress  to  assume 
the  expense  of  hnihling  a  line  of  suflicient  length  to  prat^tieally  U-»t  tlie 
]>roposalH  of  Morse,  an  appropriation  of  f  30,000  was  made  in  Marcli, 

1843,  for  the  par]>OHe  of  building  a  line  from  Washington  to  Baltimon'. 
This  line  was  completed  and  successfully  oiiened  on  the  24tli  of  Mity. 

1844.  The  system  practically  introduced  with  the  opening  of  this  line, 
modified  in  some  of  its  mechanical  details,  has  continued  to  b4>.  tlx' 
principal  one  used,  and  is  the  ba-sis  of  most  of  the  recording  telegrapli" 
in  all  countries.  One  important  nitMiifteation  should  however  be  men 
tioned,  that  is  the  wide  use  of  the  click  of  the  armature  for  reiidlng  ttie 
message  in  preference  to  the  recorder.  This  is  a  return  to  the  electn)- 
niagneth;  acoustic  telegraph  ol'  Henry.  It  givea  one  of  the  simplfiit 
possible  receiving  instruments,  and  as  was  long  ago  pointed  out  hy 
Steinheil.  possesses  the  great  nd\'antage  that  it  leaves  the  eyes  of  thi- 
oi>erator  disengaged.  Of  other  forms  of  telegraphic  apparatns,  the 
most  important  are  the  type- printing  telegraph.  Among  the  early 
inventors  of  these  we  find  Vail,  who  invented  a  type-printing  telegrapli 
as  early  as  18."i7.  and  WhesitMione:  bnt  the  first  inxtnnnent  pnM'tically 
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iiswl  was  iiivviititl  in  1S4K  hy  Ki.yiil  K.  Honst-,  «l"  Vermmit.  Tliis 
iiiNfriinieiit  was  iiswl  I'nr  Kimic  time  in  tbe  I'mttnl  States,  iiiid  waH 
brrtu^bt  to  a  i-oiisiderable  (icgre**  of  ptTlectiun,  It  worked  <»ii  the  ste]>- 
l)y-«t«'p  ]it-iiH-iple  and  was  pntentud  in  1S4I»,  Aiiotlier  type  iHiiitiny 
telegraph  of  great  higeuiiity  was  invented  Iiy  D.  E.  lliiglies.  i»f  Ken- 
tncky.  This  appai'atus  enibmlies  many  of  tlie  featnres  of  tbe  appa- 
latns  used  at  pi-est-iit  m  this  troniitry,  whicli  is  a  mod itieation  of 
Hngbeci'K  in^trninent  due  to  Mr.  I'lielps.  Tlie  Hiiglies  instninient  is 
still  largely  uKet)  in  FraiK-e  and  to  Konie  ext«'iif  in  otber  Karopeiiti 
vomitrieH.  Thp  Huglies  patents  in  this  eoiintry  were  pun-hase^I  in  1856 
by  the  American  Telegraph  rom|iany.  and  the  npparatns  has  nnder- 
uoue  suc-<-essive  modification  at  tbe  hands  of  ^Ir.  Phelps,  tending 
towanis  siuipliftcatiou,  accnra<'y  of  working,  and  increased  spec<l. 
One  of  the  latest  niodifiration.o  is  known  as  the  Phelps's  Eleetro-Motor 
Telegraph,  in  which  the  mechanism  is  driven  by  means  of  an  electro- 
motor which,  nnining  at  a  high  sjH'eil,  allows  tbe  clock-work  train  to 
1)«  ohort  and  lighf.  'I'be  prin<-t]ile  here  nse^l  is  the  synchronoua  mo\'e 
ment  of  a  transmitting  shaft  on  the  transmitter  and  ty])e-wheel  of  tlie 
T&'eiver.  SychroniMm  is  obtained  by  a  governor,  and  continnous  i-apid 
motion  is  kept  np.  The  letter  print«-d  is  regulated  by  the  ]>ositi(ni  of 
the  transmitting  shaft  when  the  circuit  is  close4l,  this  jmsition  being 
under  the  control  of  the  operator.  Pbclpsis  also  the  inventor  of  stock 
telegraphs  and  private  line  printing  telegra]dis,  and,  liesides  bis  simi- 
lar instnnnents  have  been  invented  by  Laws,  Calahan,  (iray,  and 
others.  These  instrmnentt*  work  on  the  step-by-step  principle  and  all 
«f  tlieni  are  beautiful  specimens  of  me4-hanism  and  scientitic  ingenuity. 
Another  system  of  recording  tdegmph  messages  requires  notice — 
that  18  the  chemical  method.  We  have  seen  that  very  early  in  tele- 
graphic histitry  the  decom|>oHition  of  liquids  and  of  solutions  of  salts 
were  made  the  basis  of  telegraphs.  It  was  soou  found  that  a  ribbon 
of  paper  or  cloth  saturated  with  certain  chemicals  iwild  be  very  read- 
ily marked  by  tbe  passage  through  them  of  the  electric  mrrent.  4)ne 
•of  Morse's  first  plans  appears  to  have  been  a  chemical  t^Oegraph,  but 
that,  I  believe,  was  never  worked  out.  The  first  paf«*nt  for  such  a 
telegraph  was  given  in  England  to  ICdward  Davy  in  1838,  but  the  sys- 
tem never  came  into  practical  use.  It  was  c<iropli<'ated  in  construc- 
tion and  required  four  line  wires.  One  interesting  fe^tture  was  the 
use  of  an  electromagnetic  escaiH-ment  for  moving  the  |>a]>er, an  idea 
which  had  occurred  to  Cooke  and  to  Whcatstone  some  yi-M-n  earlier. 
The  first  successful  chemical  telegraph  was  due  to  Bain,  of  Edinburgh, 
and  was  patented  in  1846.  in  this  system  it  was  pmiHtsed  to  transmit 
the  message  by  an  automatic  transmitter,  using  a  punched  sli|i  of 
pajier  to  regulate  the  contai-ts.  liome  difficulties  with  the  mechanical 
operation  of'prei)aring  the  necessarj-  stencil  slips  prevented  this  being 
very  successfully  use*!,  but  tbe  frhemical  re<-ord  was  used  for  some 
years  both  in  England  and  America.   With  the  apparams  now  available 
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for  traiisDiiitHioii.  v<h-,v  liigb  HpeeclM  Ciiii  be  nttitined  by  thir;  luetliod  of 
recordinfT  tin-  nigmila. 

The dieinical  metliod  iif  rei-mdiii;;  biis  lieeii  mostly  uatni  for  popyiiiji 
or  aiitogiapbic  tclegraplis,  ami  of  these  a  coB»iderable  imraber  have 
been  devised.  Tlie aiit^iinatii-  method  of  traiismissinn  has  been  broufrht 
to  a  hifih  statfl  of  perfection.  Among  otliert  irho  bave  worked  at  the 
subje(^t  are  Wbeatstone,  Siemens  and  Halske,  Oramier,  Huiiiaston, 
Little,  KdJRon,  Park,  Thomson. 

The  next  imiiorbmt  step  in  telegi-apby  was  the  employment  of  one 
line-wire  to  convey  more  than  one  message  at  the  same  time.  A  soln- 
tion  of  tlie  pn)bh'ni  of  sendingtwo  me.ssages,  one  in  each  direction,  was 
attempted  by  (lintt  of  Vienna,  in  18o3,  and  in  the  following  year  by 
Friscbeu  and  by  Siemens  and  llalske.  These  methods  wore  not  very 
suceessfiil,  but  tbey  wei-e  mechanically  snflRcient  for  the  purj^ose. 
They  however  left  out  an  im)>nrtant  item  in  the  aeconnt,  namely,  the 
eleetrostatic  capacity  of  the  line.  The  proper  solution  of  the  difficulty 
was  given  by  .1,  It.  Btearns,  of  Hoaton,  in  3871,  who  Hhlved  the  problem 
completely,  so  far  at  least  as  land  liuex  were  tron<-emed.  The  same 
principle  is  sufficient  for  all  purposes,  bnt  stmieimjtortantmodilicatinnK 
in  detail  are  neiiCBsary  for  submarine  cables.  These  mmlifications 
were  successfully  made  by  Muirhead,  of  lA>ndo)i,  and  at  the  present 
time  duplex  working  is  an  ordinary  a<-(-omplisliment,  The  chief  work- 
ers in  this  field  were  Frisehen,  Siemens  and  Halske,  Stark,  Edlnntl, 
Gintt,  Nystroin  Preece,  FurNeilden,  Farmer,  Maron,  "Winter,  Stearns, 
and  Muirhead. 

Next  the  problem  of  sending  two  messages  in  each  direction  yrna 
worked  out.  This  involves  the  additional  problem  of  the  simultaneous 
sending  of  two  messages  in  the  same  direction.  The  soluticm  of  this 
problem  was  attempted  by  Dr.  Wm.  Uintt,  of  Vienna,  in  1853,  and  during 
the  followiug  ten  years  it  was  worked  at  by  Borscha,  Kramer,  Maron, 
Scliaak,  Shreder,  Wartman,  utid  others.  The  first  to  obtain  success 
was  Edison,  in  1874;  and  his  method,  with  some  modifications,  is  still 
used.  Systems  of  quadmplex  were  also  invented  by  Gerrit  Smith,  in 
1875  and  187R,  of  the  Western  Union  Company,  and  a  modification  of 
Edison's  method  was  made  by  Prescott  and  Smitli.  Smith's  ISTfi 
method  is  known  as  the  We.steni  Union  Company's  Standard  QnwI- 
niplex. 

A  system  of  nmltiple  transmission  was  devised  by  M.  G.  Farmer, 
of  Salem,  in  18.")2,  in  which,  by  a  commutation  arrangement,  the  line- 
wire  was  put  successively  in  contact  with  a  niunber  of  local  circnit?. 
A  similar  system  was  exhibited  by  Meyer  at  the  Vienna  Exposition  in 
1873,  and  an  improved  form  was  introduce*!  a  few  years  ago  by  Delany, 
which  is  in  use  in  several  countries.  These  systems  are  of  use  if  the 
bne-wire  is  capable  of  doing  more  work  than  any  one  of  the  staitiona'^ 
">ble  of  supiilying.  and  may  be  likened  to  one  of  the  main  wire* 
he  central  to  a  district  telephone  exchange,  with  this  exception. 
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tliat  all  tbe  coiTPapondeiwe  govs  im  isimiiltHiieouoly,  aud  tli«re  need 
be  no  diflitiilty  as  to  pn-cedeace.  Distincrtive  frum  these  is  the  bar- 
mouic  telegraphs  of  Klisha  Qray,  Edison,  uud  Kcll.  In  tliis  ayateiD, 
whii'h  hii«  beeu  most  completely  worked  out  by  flray,  any  uumber  of 
inetu^ages  may  be  M;itt  simultaneously,  without  reference  to  s|>eed  of 
trAiisniisBion.  In  priui'iple,  the  method  t-ousists  in  causing  each  of  a 
number  of  vibrating  reeds  at  one  end  to  iiruduce  pulsations  of  tbe  cur- 
reut  flowing  through  the  liue,whii-h  have  the  same  period  as  tbe  vibra- 
tions of  the  real.  A  coiTesiiondiiig  set  of  reeds  at  the  receiving  end  of 
the  line  are  arrangeil  ko  as  to  be  acted  on  electix>-maguetieally  Iiy  the 
current.  Each  of  these;  receiving  reeds  will  respond  only  to  tbe  pulsa- 
tions of  its  own  natural  period,  and  heiwe  only  to  Hie  vibrations  of  t  be 
lorrespoudtng  real  at  the  si-ndiog  end.  The  continuity  of  these  vibra- 
tions may  be  broken  up  by  mesuis  of  a  sending  key,  and  thus  a  mes- 
sage transmitted  in  the  onlinary  "  Morse"  aliibabet. 

The  autographic  or  writing  t«]egraphic  apparatus,  which  has  lioen 
developed  of  recent  years,  is  of  great  interest,  both  from  tlie  fact  that 
tlie  handwriting  of  tbe  sender  is  reproduced  in  facsimile,  and  from  the 
great  ingenuity  of  the  apparatus  employed.  The  writing  telegraph  of 
Cowper  and  tbe  telautograph  of  Elisha  Gray  are  go<Hl  examples  of  tbis 
Diode  of  transmitting  messages. 

In  Cowper's  system  twit  rectangular  components  of  the  motion  of  the 
[)eu  are  made  to  vary  the  resistance,  imd  eonse<iuently  tbe  current,  in 
two  line  wires.  These;  currents  act  on  two  el e«-tro- magnets  at  the  re- 
ceiving station,  and  tbe  armatures  of  the  elwtro- magnets  are  uiTanged 
to  produce  two  rectangular  eomxmnents  of  the  motion  of  the  receiving 
]>en.  Bands  of  paper  are  kept  moving  at  appn>\imately  the  same  rate 
nnder  each  of  these  pens,  and  hence  tbe  characters  traced  by  tbe  motions 
of  tbe  transmitting  [Ksn  are  reproduced  with  considerable  accuracy  by 
the  receiving  jwu  in  constHjuence  of  tbe  varying  positions  of  tbe  anna- 
tures  of  the  re4-civing  magnets,  caused  by  the  variations  of  tbe  current. 
In  Gray's  apparatus  two  rectangular  comiH>neiits  of  the  motion  of  tbe 
transmitting  i»en  send  ]iuIsarory  currents  into  the  bne  wire.  These 
palsatory  cun-ents  cause  corrcs^KiudiDg  movements  of  tbe  armatures 
of  two  receiving  magnets,  wbicliare  made  to  move  the  receiving  i>enin 
corres])onding  directions,  and  thntiigh  jirojiortiouate  distances,  Seim- 
rate  electro- magnetic  arrangements  lift  the  jieii  off  the  paper  between 
the  wonis  and  at  the  end  of  tbe  lines,  and  aUow  the  I'cceiving  pen  to  be 
■uoved  backwards  or  forwards  without  marking  the  paper.  Still 
'Hiother  erectro-nmguetic  arriiDgcment  is  nsi'd  to  move  tbe  pajier  for- 
ward between  tbe  lines.  The  whole  apparatus  is  exceedingly  ingenious, 
bnt  iimch  too  extensive  and  coinplie-ated  to  admit  of  clear  description 
liere. 

Although  tbe  mere  extension  of  teU-graphs  I'nini  land  to  subnmrine 
lilies  can  hardly  lie  called  an  invention,  yet  very  many  new  problems 
presented  tbemse-lves  lor  solution  in  this  extension.     Many  of  these 
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BtTip-s  for  the  conductor  iiimiluted  from  itn  eurtli  p1iit«  by  nieaiiH  of  tliip 
l>arafitiTii^  }»ai>er,  no  as  to  gixe  eleetrostiitii-  capacity, 

Th<'  iiivtriitiuti  of  the  tt'leplioiie  coiiHtitiites  one  of  the  grcatent  ad- 
vaitccs  that  have  been  made  in  telegniphic  eoiumuuicatiou.  This  iff  im 
uc4m)«tic  telegraph,  wliich  hart  the  veiy  important  merit  that  the  audi- 
ble nif^iiala  are  spoken  words,  iind  hence  the  instrmnents  can  be  iiKed 
by  anyone  whocati  hear  aud  H^H-ak  and  who  understands  the  language 
in  which  the  message  is  tniusuiitted. 

It  is  well  Icnown  that  soatid  is  traustnitted  tlii'ough  the  air  from  the 
source  t<>  the  hearer  by  waves  of  (Miudensation  and  rarcfaetiuii,  which 
itffect  tlie  drum  of  the  ear.  Wbeatstonc,  as  early  an  1831,  showed  tlmt 
these  waves  could  be  transmitted  from  one  place  to  another,  at  a  hkhI 
crate  distance,  through  wooden  iihIb  and  afterward  conveyed  to  tin- 
ear  by  the  vibratioDs  given  to  the  air  by  the  end  of  tlie  rod.  Similarly, 
vibrations  given  to  one  diaphragm  can  lie  conveyed  to  auotber,  at  a 
considerable  distance,  by  cminecting  the  two  diaphragms  together  by 
a  Rtret<;hed  cord  or  wire.  This  appears  to  have  been  known  for  several 
centnries  in  the  central  districts  of  India,  and  a  similar  apparatus  was 
described  by  Hook  in  1<>67.  A  similar  apparatus  is  now  used  aud 
known  as  the  mechanical  telephone. 

To  cause  the  vibrations  of  one  diaphragm  to  produce  corresponding 
vibrations  iu  another  diaphragm  at  a  distance,  through  the  agency  of 
an  electric  (nirrent,  was  tlie  problem  of  the  electric  telephone.  The  li  rst 
to  i»ropo8c  this  seems  to  Imve  l>ecn  Charles  Bourscid,  who,  in  1854,  sug- 
gested the  use  of  two  plates — one  at  the  transmittiug  station,  which, 
by  the  varying  pressun-  of  the  air  due  to  the  sound  waves,  would  oi)eu 
and  close  an  electric  circuit:  while  the  other  was  t*i  be  acted  on  at  the 
receiving  station  by  an  ele<^tro-ini)gnet.  through  which  the  coils  of  the 
electric  current  passed.  The  varying  strength  of  the  elet^tro-magnet, 
dne  to  the  rapid  succession  of  currents,  was  thus  Uthe  taken  advantage 
of  to  give  theproi)er8iU!Cessiou  of  impulses  to  the  receiving  diaphriigiii. 
In  I8<>1  Philip  Reis,  of  I'Viedrichsdorf,  proposed,  in  a  lecture  delivered 
bctbre  the  Physical  Society  of  Frankfort,  to  use  an  instrument,  which 
he  called  a  telephone,  for  tlie  reproduction  at  a  tlistanee  of  music  aud 
human  s|>e4-ch.  The  apparatus  consisted  of  a  stretche<l  membrane 
forming  part  of  one  side  of  n  Iwx,  iutti  which,  by  means  of  a  mouth- 
piece, the  sounds  coidil  be  <lire4-ted.  This  membiaue  wiis  msidc  to  open 
and  close  an  electric  cin'uit  at  each  vibration.  At  the  receiving  end 
iin  electro-magnet,  consisting  of  a  thin  rod  of  iron  surroundetl  byaeoil, 
was  plaee<l.  Tin-  suwcssivc  interru])tious  and  closings  of  this  elei-tric 
<-urrent  was,  in  accoitlancc  with  a  discovery  made  by  Dr.  Page,  of  Salem, 
Mass..  in  1H37,  to  produce  sounds  of  the  same  pitch  as  thosi-  of  the 
sound  dii-ected  into  the  box  ot'  the  tninsniittcr.  This  method  failed  ft>r 
sjieech,  lor  the  simple  reason  (hut  speech  has  more  eharaeteristics  than 
pitch;  and  it  was  only  partinlly  sucresstui  ft>r  musical  sounds,  from  its 
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M^r  '■■  pa.-L-  us  a  parallel  beam  (rom  tbe 
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tberesistanceof  the  seleniom  will  be  affected  by  vibration  of  the  mirror. 
If^  then,  the  mirror  be  nsed  as  a  transmitting  diaphragm,  libe  that  of 
a  telephone  transmitter,  words  spoken  to  the  mirror  will  be  repeated 
by  a  t«lepbone  in  the  oircait  of  which  the  seleninm,  is  placed  and 
throagb  'which  an  electric  current'is  kept  flowing. 

In  this  address  an  attempt  has  been  made  to  sketch  very  briefly  the 
development  of  the  application  of  electricity  to  the  transmission  of 
intelligence.  Many  important  applications  (as,  for  example,  fire-alarms 
and  rail^ray  signal  systems,  etc.)  have  not  been  referred  to,  and  a  host 
of  importaot  contribators  have,  as  a  matter  of  necessity,  been  entirely 
ignored.  To  go  into  detail  and  do  justice  to  everyone  who  baa  eon- 
tribated  to  the  present  state  of  the  electric  telegraph  was  an  impoasi* 
bilit>y  and  has  not  been  attempted. 
H.  Mis.  114 42 
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EXPLORATIONS  IN  MONGOLIA  AND  TIBET. 


By  W.  WOODTILLE  BOCKHILI,. 


On  tlie  Ist  of  December,  1891, 1  left  Peking  for  a  journey  is  Mon- 
golia and  Tibet,  proposing,  if  possible,  to  traverse  the  latter  coautry 
from  north  to  sontb  and  reauh  Brititih  India — Sikkim  or  Nepal. 

I  was  well  provided  with  scientific  appiiratus,  and  very  scantily  with 
money,  and  so  I  started  out  with  the  anticipation  of  having  to  endure 
many  discomforts,  and  possibly  see  my  chance  of  ultimate  success  lost 
for  want  of  a  few  hundred  dollars  and  my  collections  poor  for  lack  of 
funds  and  means  of  transportation.  This  is  the  one  insurmountable 
difficulty  a  traveller  can  have  to  contend  with;  nearly  every  obstacle 
can  be  overcome  or  turned,  but  how  to  travel  on  an  empty  money  bag 
(and  iui  empty  stomach,  as  it  turned  out  in  my  case),  in  a  strange  land, 
is  a  more  difficult  problem  for  most  men  than  the  quadrature  of  the 
circle. 

I  will  pass  over  the  first  few  stages  of  my  journey,  which  led  me 
through  Chang-chia  k'on  to  the  great  emporium  of  eastern  Mongo- 
lia, Euei-hna  Ch'eng,  where  I  arrived  on  the  18th  of  December. 

This  town  was  kuown  in  the  T'ang  period  (a.  d,  61S-907),  and  how 
long  before  that  I  can  not  now  say. 

Col.  Yule*  thinks  it  wasTenduc,  the  capital  of  Prester  John;  bntiu 
tills  I  can  not  quite  agree,  as  I  believe  the  latter  town  is  to  be  identified 
with  the  present  Ton  Ch'eng  (in  Mongol  Togto),  at  the  mouth  of  the 
Hei-ho,  which  flows  by  Kuei-hua  and  empties  into  the  Yellow  Biver 
(Huang-ho)  at  the  former  place. 

Father  Oerbillon  visited  Kuei-bua  Ch'eng  in  1688,  in  the  soite  of  the 
gnat  Emperor  E'ang-hsi.  lie  describes  the  place  as  follows:  "C'est 
nne  petite  Yille  qu'on  dit  avoir  6t6  autrefois  fort  marchande,  et  d'un 
grand  abord,  pendant  que  lea  Tartares  il'Oiiest  ^toient  les  maltres  de  la 
Chine:  A  present  c'est  fort  pen  de  chose :  lesmuraillesbiltiesdebnques 
9ont  assez  euti^s  par  dehors ;  mais  i1  n'y  a  plus  de  remparts  au  dedans : 
il  n'y  a  mfime  rien  deremarqoable  dans  la  Yille,  que  les  Pagodes  et  les 
lamas.'"  i 

'  3ee  Ills  Book  of  S«r  Marco  Polo,  2d  edit.,  i,  277. 

IDaH&lde,  '■DeacriptioaderEmpirede  la  Chine,"  iv,  103.  The  Mongol  name  of 
ttislDini  is  Koko  lintun,  or  "Blue  town."  Chinese  hiatorieB  of  tli«  seveulU  oen- 
luy  mentioD  it  nnder  the  name  of  Tinig-shoa  Chiang. 
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In  1841,  Father  Hue,  vheu  on  his  way  to  Lli'asa,  stopped  for  a  while 
at  Knei'hna  Ch'eng.  He  Baya  of  it:  "  With  the  exception  of  tiie  la- 
maseries, which  rise  above  the  other  bnildingB,  one  only  sees  an  ag- 
glomeration of  hooBes  and  shops  hnddled  together  withont  order,  the 
one  against  the  other.  The  ramparts  of  the  old  city  still  exist  in  their 
entirety,  bat  the  overflow  of  the  popolation  has  been  forced  to  cross 
them.  Little  by  little  numerous  houses  have  been  built  ontside  the 
walls,  vast  qnarters  have  been  formed ;  and  now  the  extra  muros  has 
acquired  more  importance  than  the  city  itself."* 

Fifty  years  hardly  count  in  the  life  of  an  inland  city  in  Asia,  and 
Knei-haa  to-day  is  what  it  was  in  the  days  of  Hue — an  irregular  mass 
of  tumble-down  houses  boilt  around  a  small  central  walled  town. 
Dirty,  muddy,  uopaved  streets,  innumerable  small  shops,  crowded 
streets  along  which  loaded  camels  and  moles  and  clnnisy  carts  are 
moving,  and  where  an  occasional  Mongol,  very  often  much  the  worse 
for  liqnor,  is  seen  accompanied  by  his  women  folk  in  grceu  satin  dresses 
and  mach  jewelry  of  silver  and  numerous  strings  of  coral  beads  orna- 
menting their  hair,  neck,  and  ears. 

The  chief  industry  of  the  place  is,  and  has  been  for  at  least  a  cen- 
tory,  the  preparation  of  sheep  and  goat  skins.  Tallow  is  idso  an  im> 
poTtant  article  of  trade,  and  sheep  and  camels  in  vast  numbers  are 
annually  sold  here  to  supply  the  Peking  market.  The  popniatiou,  ez- 
enlsiveiy  Chinese,  of  this  place  is  probably  between  75,000  and  100,000. 
On  the  25th  of  December,  having  completed  arrangements  for  con- 
tioning  myjoomey  to  Ifiiig-hsia  Fa  in  Kan-sn  in  commodious  carts 
like  those  which  had  brought  me  thus  far  on  my  way,  I  left  Euei-hua 
and  in  two  days  reached  the  Yellow  River  at  Ho-k'oa,i  where  it  makes 
a  sharp  bend  southward.  - 

Crossing  the  river — here  about  400  yards  wide — on  the  ice,  we  first 
travelled  over  a  country  with  sand  dunes  intersecting  it  here  and  there, 
and  finally  entered  the  vast  alluvial  plains  which  stretch  westward  to 
Alashan  and  are  bounded  to  the  nortii— on  the  left  bank  of  the  river,  by 
a  range  of  mountains  of  an  average  altitude  of  some  1,800  feet.  This 
chain  is  called  on  European  maps  the  Inshan  (a  corruption,  I  believe, 
of  Ch'ing  shan,  a  name  given  to  the  eastern  part  of  it)  and  is  locally 
known  by  a  variety  of  names — as  are  all  ranges  in  eastern  Asia — Ta 
ch'ing  shan,  Wula  shan,  Lang  shan,  etc4 

For  thirteen  days  we  travelled  through  the  sandy  waste,  now  and 
then  passing  a  small  village  of  Chinese  coloitists  settled  in  these  Mon- 
gol lands,  where  they  cnltivate  the  soil  after  a  great  expenditure  of 
labor  on  vast  irrigation  ditches,  which  are  necessary  to  water  the 
parched  soil  and  which  the  sands,  driven  before  the  nearly  incessant 

*Bnc,  "SoaTenirs  d'an  voyage  damns  la  Tartarie  et  le  Thibet,"  (12mo.  edit.)  i, 

m. 

t  Bnc'a  Tottscan  Kodibd,  See  op.  cU.,  i,  215. 

tTimkowaki,"  Vo;.  a  Peking,"  ii,  265, 267,saj-B  this  range  la  called  EhattJarKbiMho 
(Kh^ar  faosho),  ot  Onghin  oola. 
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westerly  winds,  are  coutiuually  fllliug  up.  We  saw  but  few  Mongols; 
they  live  remote  Iroai  the  roate,  or  when  they  have  remained  in  their 
former  hannts,  now  settled  by  Chinese,  have  adopted  Ghineae  modes  of 
dress  and  of  liviug,  and  tjx)  fretjuently  their  vices. 

Some  antelope,  a  few  hares,  and  vast  flocks  of  sand  g^roase  (Syrrkapte* 
Pallasii)  were  occaaioaally  seen;  bat  what  a  sportsman's  paradise 
these  plains  most  have  been  in  the  days  of  K'aog-hsi,  when  Father 
GerbilloD  came  here  with  him  to  hawk  and  shoot,  and  the  great  Em- 
peror never  failed  to  return  to  camp  with  scores  and  scores  of  hares 
and  other  game  killed  by  his  arrows! 

Father  Hue  has  so  f^lly  and  graphically  described  the  Ordos  conntry 
that  I  wiU  not  ventare  to  try  and  improve  on  what  he  has  said,  especially 
as  one  forms  a  more  agreeable  opinion  of  the  coontry  from  his  narratiTe 
than  one  woald  &om  what  I  might  say  of  it.  It  has,  I  few,  changed 
for  the  worse  since  his  time. 


Fm.  a.— B«raii  Eombii  orHai  KiiDjt  nlno  Lamalit  Trmpli'  in  thv  Ordoo  cvantry. 

The  only  place  of  any  importance  we  saw  was  the  palace  of  one  of 
the  Orat  Mongol  princes,  the  Hsi  Kung  or  "  Dnke  of  the  West,"  and 
near  it  a  small  but  very  bandsoiuely  built  lamasery,  the  temple  itself  of 
pure  Tibetan  style.  It  is  called  by  the  Mongols,  Baron  gomba,  and  by 
the  Chinese,  Hsi  Kung  miao. 

On  the  9th  of  January,  I  readied  the  large  Chinese  Christian  com- 
munity (some  three  hundred  families  residing  in  four  villages)  of  San-tao 
ho-tzfl,  created  and  managed  by  the  Belgian  Catholic  foreign  mis- 
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sions.  Here  I  remained  two  days  and  'was  most  hospitably  enter- 
tained by  the  bishop  and  fathers  of  the  mission.  This  locality  is  in 
the  domains  of  the  Mongol  prince  of  Alasban,  colloqnially  designated 
by  the  Chinese  aa  Hsi  Wang  or  Western  Prince.  His  people,  so 
T^aidam  Mongols  have  told  me,  inhabited  in  old  times  the  coantry 
weet  of  Hai-ning  Fa  in  western  Ean-Bii,  and  are  of  the  same  stock  as 
the  Ts'aidam  Mongola  This  agrees  with  what  Timskowaki  telle  ns, 
who  says  this  tribe  of  the  Eteats  came  to  the  country  they  now  inhabit 
in  1686." 

Following  the  coarse  of  the  Yellow  Biver  in  a  southerly  direction, 
I  passed  successively  through  Shib-taui  (Hotun  jeli  in  Mongol),  the 
first  town  on  our  route  in  the  Province  ot  Kan-su,  King-bsia  Fu, 
Chnng-wei  Hxieu,  and  finally  reached  Lan-chon  Fu,  the  capital  of  the 
Province  of  Eau-au,  on  the  31at  of  January,  where  I  joined  the  route  I 
had  followed  in  1888-'89  when  on  my  way  to  Tibet  for  the  first  time. 

Ning-hsia  Fu  was  the  most  important  town  we  traversed  before  reach- 
ing I^au-chon,  but  it  has  greatly  fallen  ftom  ita  ancient  importance, 
having  suffered  terribly  during  the  lat«  Mohammedan  rebelUon.t 

Father  Gerbillon,  while  journeying  with  the  Emperor  K'ang-hsi  in 
1697,  viaited  this  city.  He  says  it  was  then  one  of  the  largest  and 
most  &mous  along  the  whole  length  of  the  Great  Wall.  It  was 
densely  populated,  the  hoiues  built  so  cloaely  together  that  there  was 
no  room  even  for  conrt-yarda.  He  also  noted  that  "building  timber  is 
here  very  cheap,  because  they  go  to  get  it  in  that  chain  of  mountains 
which  is  to  the  northwest,  some  60  or  70  lys  from  the  city,t  where  it  is 
so  abundant  that  from  the  neighboring  localities,  more  than  400  or  500 
lys  away,  they  come  to  byy  it  at  Ning-hia."§  At  the  present  time  not 
a  forest  tree  is  to  be  seen,  only  a  few  poplara  recently  planted  along  the 
irrigation  ditches. 

The  father  says  further  on  (p. 372):  "They  presented  also  to  his 
nuyesty  several  foot  rugs,  resembling  enough  our  Turkey  carpets,  but 
coarser;  they  are  made  here,  and  the  emperor  had  the  curiosity  to 
have  the  work  done  in  his  presence,  as  also  paper  which  is  made  at 
UTing-hsia,  with  hemp  beaten  and  mixed  with  lime  water." 

Now  the  town  is,  for  half  of  its  area,  a  desert  of  brick-bats,  but  rugs 
and  paper  making  are  still  the  chief— or  rather  the  only — iudustries  of 
the  place. 

I  arrived  at  Lan-chon  the  day  alter  Chinese  New  Tear  and  on 
the  fifth  of  the  first  moon.    I  witnessed  the  yingch^uti  festivities,  in 

•Op.  eit.,  u,  279.  See  also  Du  Halde,  op.  eit.,  rv,  375,  where  we  leam  that  the  first 
Elent  prince  of  Alaaban  had  ouly  the  rank  of  Beileh  and  was  named  Batum  Ts'o- 
uam.  A  Beileh  ia  a  prince  of  the  third  order,  a  Wang  the  secoud,  and  a  ch'ia  Wang 
of  the  Grat. 

tThis  city  ia  called  ]ig6  hotim  by  the  Mongols,  and  is  tKo  Irghai  of  Mohnmmedan 
wiitera  and  the  Egrigaia  of  Marco  Polo. 

t  This  range  is  called  Usi  shan  by  the  Chinese,  but  on  our  maps  it  is  uaaally  dMig- 
nated  by  the  name  of  Alasban  Mountains. 

J  Db  Halde,  op.  eit.,  iv,  370.  D.cit.zeabvCjtlO'^lc 
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Thicb  the  local  magistrates  go  oatside  tbe  east  gate  of  the  city  to 
"welcome  spring"  (ytnjr-cVuR).  A  huge  cov  made  of  vick^-vork 
and  coated  over  with  mud  was  dragged  along  by  scores  of  men,  andfid- 
lowing  it  was  the  image  of  tbe  god  T'ai-sai.  A  man  disguised  as  a 
woman  led  tbe  procession  on  foot  and  following  him  was  another,  in 
like  disguise,  riding  a  donkey.  This  one  imiiereonated,  I  was  told,  the 
princess  who  introduced  into  China  the  practice  of  compressing  women's 
feet.    The  cow  was  painted  of  a  reddish  brown  color,  a  portent  that  con- 
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Theatricals,  a  banqaet  at  the  magistrate's  office,  and  merry-making 
followed.  Oq  the  morrow  the  cow  waa  broken  to  pieces  and  farmers 
began  to  tiU  their  fields.    This  feast  is  observed  over  most  of  China. 

Having  engaged  moles  to  carry  me  and  my  luggage  to  the  lamasery  of 
Kombam,  or  rather  the  contiguous  village  of  Lnsar,  some  20  miles 
sonth  of  Hsi-Ding,  I  left  Lan-choa  on  the  5th  of  February  and  follow- 
ing up  the  Yellow  River  and  the  Hsi-ho,  a  route  I  had  taken  previously 
in  1889,*  I  reached  my  destination  on  the  11th,  and  took  up  my  quar- 
ters in  an  inn  in  the  lower  part  of  the  village  and  at  once  began  prep- 
aratioiis  for  the  journey  into  Tibet. 

I  secored  the  services  of  the  meu  who  had  accompanied  me  ou  my 
first  jonmey,  bought  six  stoat  ponies  and  a  supply  of  provisions — 
parched  barley-meal  {tsamba),  rice,  flour,  vennicelli,  tea,  etc. — enough 
to  last,  if  osed  with  economy,  for  atmut  five  months.  While  my  head 
man,  Yeh  Chi-ch'eng,  was  baying  pack-mnles,  fitting  the  saddles  to 
tbeir  backs,  and  purchasing  all  the  thousand  and  one  little  things  re- 
quired on  a  long  journey  in  a  country  devoid  of  every  necessary  of 
life  save  a  few  varieties  of  very  coarse  food,  I  went  for  a>tour  through 
the  portion  of  country  along  the  Yellow  River  due  south  of  Lusar,  a 
re^on  of  great  etbnolo^cal  interest,  inhabited  by  tribes  of  Tibetan, 
Mongol,  and  Turkish  descent;  those  of  the  latter  called  Salars  or 
Salaris,  being  particularly  interesting,  as  they  have  retained  their 
original  type  and  language  though  residing  on  Chinese  soil  for  the  last 
fonr  hundred  years  and  surrounded  by  Chinese  and  Tibetan  peop)es.t 
They  number  some  40,000  souls  and  are  the  most  fanatical  Mohammedans 
in  western  China.  The  Salar  priests  (ahont)  began  the  late  Mohamme- 
dan rebellion  in  or  near  the  little  town  of  Bayanrong.  Fortunately  for 
the  Imperial  Ooveroment,  dissensions  arose  among  the  Mohammedans 
and  they  were  soon  fighting  among  themselves.  It  was  this  way :  One 
said  smoking  was  permissible  (he  was  a  Ho-chou  teacher),  another  said 
it  was  forbidden,  nud  so  tbey  came  to  blows.  At  the  town  of  Taukar, 
30  miles  west  of  Hsi-ning,  these  two  factions  fouglit  so  savagely  that 
the  authorities  made  use  of  this  quarrel  to  rid  the  place  of  them.  All 
the  mate  Mohammedans  were  invited  to  the  mos<iue  to  talk  over  the 
matter  in  the  presence  of  the  colonel  commanding  the  town.  When  tdl 
had  assembled  in  the  conrt-yard,  there  came  men  who  called  them  out 
one  by  one,  and  as  they  issued  out  of  the  gate  tbey  were  beheaded,  and 
in  this  way  3,500  were  made  away  with.    Their  wives  and  daughters 

*See  "TbaUndof  tlieIuiiaa,"p.41-6S. 

I  Th»  principal  bianoh  of  this  people  fonos  now  one  of  the  Tnrkoioan  tilbM  un- 
der Bnaeiftn  rule  reaiding  sroand  Old  Skraklig.  It  nnmbers  ftbont  6,0(Nk families. 
"Thethreenationaofthe  Salara  are  named  Yalawach,  Githara,aadKatawan.  Tbey 
have  on  eril  reputation  even  tUDong  TurkomanB,  and  are  aaid  to  be  genentUj  hated." 
Bee  Lieut.  A.  C.  Tate,  Travels  with  the  Afghan  bonndary  commission,  p.  301-302. 
See  also  on  tbe  Chinese  Salar,  Bob.  B.  Sfaaw,  Jowm.  Bos.  ^*-  Soc.,  newser.  x,  p.  305-31S 
and  De&iker,  Bull.  Soe.  i'Jntk.  de  ParU,  3e  Serie,  X,  206-210. 
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Trere  sold  or  otherwise  dis]>osed  of  wliea  good-lookiug,  and  Tankar, 
with  a  remaining  population  of  a  few  tliouBands  or  so,  enjoyed  quiet 
once  more. 

At  Hsi-ning,  for  several  years  after  tbe  rebellion  liad  been  suppressed, 
no  ^lohammedan  was  allowed  to  enter  the  city  (none  of  them  conld  hve 
in  it)  without  having  a  stamp  impressed  on  his  cheek  by  the  guard  at 
the  gate ;  and  even  now,  after  twenty  years  of  peace,  none  of  thetu  may 
have  a  knife,  even  the  nsual  small  one  which  ia  carried  by  all  travelling 
Chinese  in  a  little  case  with  their  chop-sticks.* 

On  the  29tb  of  February,  I  was  back  in  Lusar,  bat  thongh  I  used  all 
diligence  and  expended  a  vast  amount  of  energy,  it  was  the  14th  of 
March  when  we  made  our  final  start  for  tbe  Eokonor  country,  the  first 
stage  of  our  journey  to  Tibet. 


Fl».  4.— Chlnrar  compoaliie  Mr.  KofkhilJ's  |4rty. 

My  party,  as  finally  organized,  comprised  four  Chinese,  three  of 
them  frontiersmen  from  near  Lusar,  and  one,  a  cook,  engaged  at  Koei- 
hua  Ch'eng,  and  a  native  of  Tnug-cbou,  near  Peking.  We  had  two 
small  blue  cotton  tents,  and  our  saddle  blankets  formed  tbe  bulk  of 
our  bed'ding,  for  the  very  heavy  sheepskin  garments  we  wore  were 
enough  covering  for  the  coldest  weather. 

'  In  the  narrative  of  tlie  joainey  of  Benedict  OoSa  (1603-1607)  it  ia  uid  that  tbe 

Moliamtaedane  at  Su  Chon  (uorthwuat  Knn-aa)  wore  nhnt  up  every  night  within  the 

tri'  on-Q  city,  whirh  vaa  ilistinct  from  that  inhabited  by  the  C  ' 

albay  and  the  Way  Thitber,  p.  582,         ^  _  ^^^  j.  (_^i(i(^>o  \q 
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In  order  to  keep  the  pavk-mules  in  good  cnmlition  for  as  long  a  time  as 
possible,  I  bad  the  greater  part  of  their  loads  carried  by  donkies  from 
Litsar  to  the  Muri-Wahon  country,  east  nf  the  Ts'aidara.  Tbeiice  to 
Sbang,  yaka  relieved  tfaem,  and  in  tbe  Ts'aidam,  camels  did  tlieir  work 
to  a  great  est«nt,  so  that  when  we  started  iuto  the  wilds  nortli  of  Tibet 
my  mules  were  utill  in  fairly  good  condition — though  very  little  fed — 
and  stood  well  the  terrible  fatigaes  of  the  journey,  bat  they  finally  gave 
ont  ftom  foot^soreness  and  none  reached  tbe  joarney's  end. 

i  began  a  survey  of  the  road  at  Kalgan,  north  of  Peking,  and  car- 
ried it  on  about  2,400  miles,  to  Bat'aug,  in  eastern  Tibet,  wbere  my 
route  joined  that  surveyed  in  1877  by  Capt.  William  Gill,"  Tbe  method 
I  followed  in  my  work  was  to  run  the  traverse  by  prismatic  compass 
and  aneroid,  taking  the  distance  between  consecutive  points  by  my  watcb 
and  controlling  frequently  the  distances  thus  obtained  by  pacing  them 
off. 

Every  day  tlie  altitude  of  one  point  at  least  was  determined  by  the 
temperature  of  boiling  water,  and  all  adjacent  points,  where  aneroid 
readings  were  taken,  were  corrected  by  this  and  the  one  taken  tbe  day 
before.  Sextant  observations  were  made  whenever  possible  for  posi- 
tion, and  thus  the  inevitable  errors  on  my  survey  could  not  arcamalate, 
but  were  divided  over  tbe  whole  length  of  the  line. 

Besides  the  work  of  surveying  I  bad  to  take  photographs,  note  tbe 
general  characteristics  of  the  country,  keep  an  eye  on  tlie  packs  to  see 
that  tbey  were  not  awry,  and  attend  to  innumerable  details  connected 
with  the  everyday  life  of  the  party.  Tbe  animals  gave  me  less  trouble 
than  the  men  (this  is  usually  the  case  iu  this  world,  and  how  true  is 
the  saying,  "  Plus  je  vols  les  bommes,  plus  j'aime  les  bfites") ! 

In  1689, 1  had,  when  going  to  the  Ts'aidam,  taken  from  Lusar  tbe 
route  leading  along  the  north  side  of  lake  Kokonor.  This  time  I  de- 
cide<l  to  follow  a  new  trail  leading  tbrough  an  unexplored  country  (that 
.of  tbe  Panaka  living  south  of  the  Kokonor),  and  thence  directly  by  the 
monntains  bi  Shang,  in  the  southeast  comer  of  the  Ts'aidam.  I  was 
most  anxious  to  re-visit  this  place  so  as  to  be  able  to  go  once  more  to 
the  Tosu  nor  (lake)  and  determine  by  actual  observations  its  position 
and  altitude. 

The  nature  of  the  country  to  the  south  of  tbe  Kokonor  lake  is  more 
mountainona  than  that  to  the  north,  but  the  climatic  conditions  are 
the  same — violent  westerly  winds,  great  dryness,  usually  a  clear  sky, 
and  though  the  nights  are  invariably  cold,  the  temperature  rises  very 
higk  during  the  day.  These  peculiar  conditions  result  from  the  high 
altitude  of  this  region,  wliich  is  over  11,000  feet  above  the  sea  level. 

The  route  we  took  was  as  follows:  Leaving  the  province  of  Kan-sn 
at  Bharakuto,  on  the  southern  main  fee<Ier  of  the  headwaters  of  tbe 
Hsi-lio  (which  flows  by  HNi-nhig  Fu),  we  traversed  in  a  general  west- 

a  Jonmey  tbrongh  Chins  And 
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southwest  direction  the  conotry  of  the  Panaka  or  Panahasom,  as  the 
Tibetan  tribes  inhabiting  these  regions  are  called.  These  tribes,  which 
were  in  past  centnries  Iocat«4l  principally  south  of  the  Yellow  River 
all  the  way  from  the  Chinese  frontier  to  its  soarces  at  Karmat'ang, 
have  within  the  last  Lnndreil  years  pushed  northward  and  dispossessed 
the  Mongol  owners  of  these  rich  pasture  lands,  driving  them  either 
into  the  foothills  aronnd  the  swampy  Ts'aidam  or  nearer  to  the  Chi- 
nese borders.  The  Tibetan  tribes  which  first  came  to  the  Kokonor  were 
ei^ht  in  immber  and  all  bore  the  word  Xa  in  their  names,  bence  the 


mixed  Chinese-Tibetan  name  of  Pauaka  by  which  they  are  now  known 
and  which  they  use  in  siteaking  of  themselves.* 

The  Panaka  may  number  in  all  a  hundred  to  a  hundred  and  twenty- 
five  thousitnd  soiilii,  I  have  described  elsewhere  the  dress  and  mode 
of  living  of  these  tribes.!  so  will  not  dwell  on  these  questions  here,  and 

;.,  /"a,  Chinese  ''  right,"  .Va,  {wtroti jmic,  and  t'a  ot  dkia  (CliiDeBe) 
Iwi'').  Tliey  also  i  all  thf maflvga  P«ii»k«anm ;  the  iMt  wotd,  mean- 
I  "  thm-. "  is  adileil  oa  arroimt  of  thres  great  dlvisiona  of  theae  clans 
lime.  ThrArik  (about  10.000  families),  the  Kobu  (2,000  familiea), 
WO  familietit,  Bn>  the  UriKst  of  lh<«e  tribea  liviDg  nortih  and  went  of 
Tiai-il>al  tribea  of  thr  Pauaka  soath  of  the  lake  u«  the  Chaiiui,tlie 
bf  Wutiishin. 

ilic  LauRii,"  ji.  T:<.  rl  pcitim. 
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the  illnstratioDB  will  enable  the  reader  to  fonn  a  better  idea  of  their 
camps  and  general  appearance  than  could  a  long  descriptioD. 

Grossing  a  high  and  very  difficult  pass  in  the  soathwest  corner  of  the 
Panakasnm'a  conntiy,  we  entered  the  basin  of  the  Tsaban  ossn,  an 
important  river  of  the  Ts'aidam,  the  existence  of  which  was  not  here- 
tofore sospected ;  and  on  the  4th  of  April  I  reached  the  Mongol  village 
of  Shang  (or  Sbang-chia),  on  the  tipper  Bayan  gol  (or  Yogor^  gol),  the 
main  river  of  the  Ts'aidam,  which  has  its  source  in  two  lakes  called 
Tosn-uor  and  Alaug  nor. 


Fia.  a.— Foot  of  Wabon  JunlurPmuludLngintotlisbulnal  Ihs  Tuhu  dhd. 

Sending  the  bulk  of  my  baggage  to  the  camp  of  a  former  acquaint- 
ance, the  chief  or  Dzassak  of  Baron  Ts'aidain,  I  went  with  two 
men  and  a  Mongol  guide  to  explore  the  Tosu-nor,  reaching  that 
large  sheet  of  water  (about  13,500  feet  above  sea  level)  on  the  12th  of 
April. 

Dow^,  the  Mongol  guide,  the  same  who  had  led  me  in  1889,  by 
the  source*  of  the  Yellow  River  to  JySkundo,  told  me  one  even- 
ing while  we  gOHsiping  over  the  camp  fire,  that  he  had  heard  at  Sa- 
chou  of  wild  men  (gerisun  Tiun).  Two  had  been  captured  by  some 
Mohammedan  Sifan  (or  Huang  fan),  but  one  soon  died  and  the  other 
made  bis  escape.     These  savages   live   between   Sa-choa  and  the 
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Lob  nor,'  make  tbeir  dwellings  of  reeds  and  feed  on  wild  grapes,  which 
they  dry.    From  this  description  I  have  no  doabt  these  people  are  the   . 
half-wild  inhabitants  of  Turki  origin  seen  by  Ptjevalsky  and  other 
travellers  in  the  marshes  and  canebrakes  of  Lob-nor. 

On  the  14th  of  April,  I  started  back  for  Shang,  Crossing  the  Togor^ 
my  pony  broke  through  the  ic«  and  was  drowned,  I  nearly  sharing  the 
same  fat«.  The  nest  day  my  saddle  was  recovered,  also  my  notes  and 
papers  in  my  saddle-bags.  On  the  18th  I  joined  my  other  men  with 
the  pack  animals  in  the  \'alley  of  Oim,  where  the  Dzassak  of  Baron  was 


Fill.' — Scene  iD  llDDgul  village  or  Shug  (&E.Ts'Ud»a). 

-Sim  "[^ml  of  the  Lam»s.''p.  l'>9.  Douglas  Forafth,  Jaiimal  Roy.  Oto.  So«.,  xi.vn, 
p.  G,  Hiij-H :  "  Tliore  krr  nDiii)>en  of  eQcaiupmeuts  and  Hettlementa  on  tbe  banks  of  the 
luiirHliy  liikcH  tiixl  their  roDnerliiiK  channeL-i;  perhaps  there  are  as  mauy  as  a  thon- 
HitDil  hiiiiHos  or  I'uraps.  ThriH-  are  iahabited  by  familiea  who  emigrated  there  al>oDt 
um-  hiiudri'd  and  sixty  ymrs  ago.  They  are  looked  npon  with  contempt  by  tma 
bi'liovi'ra  ns  only  half  Miinselmiiiis.  The  aborigiuea  are  described  as  very  wild 
IH'opb-— bl:ii-k  men  with  hmfi.  lualtcd  hair,  who  shun  the  eociety  of  mankind  and 
umrrlollii'^inHdoof  the  Imrk  of  a  tree.  The  stuff  is  called  "luff,"  and  is  the  fiber 
(if  II  |iUiit  i-nllfd  '•toka  i-hijrha."  whirh  prowa  plentifully  all  over  the  sandy  irastm 
lionloriiiK  OH  Ibi'  ni.irsheHof  l.o)>,''  Wild  men  an  »aiit  to  lire  on  the  lower  TeanglKi, 
ill  Tibet.  The  Moii|[ol  I^amii  .'^birnb  jyntso  says  that  in  Pemakoicbfaen  (north 'of 
Mint  I'udam)  tlie  l.h'opa  "kill  the  mother  of  the  bride  in  performing  their  marriage 
c  -II  they  do  not  find  any  wild  tiieii.  and  eat  her  flesh."    See  Keport  on  the 

n  ^ikkiiii.  Ilhiitnn.  and  Tilx-t,  from  1^56  to  1886,  p.  7 ;  also  pp.  60  and  52. 
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camped.  Here  I  was  detained  for  eleven  days  trying  to  make  arrange, 
meuta  with  tlie  chief  to  supply  mo  with  pack  nnimals  and  a  gnide  to  go 
to  Shigats^,  in  Ulterior  Tibet.  After  a  vast  and  reckless  expenditure 
of  my  limited  store  of  patience,  I  failed  to  get  more  than  four  camels 
and  a  guide  as  far  as  Teng^lik,  a  Mongol  encampment  in  the  marshes 
of  the  TB'aidam,  not  a  hundred  miles  away. 

'  On  the  second  day  out  from  Oim  we  left  the  village  of  Baron  {or 
Baron  kur^)  and  travelling  through  sand  and  mud  and  brash  for  four 
days  came  to  the  poolii  of  Teng^lik.  Life 
in  camp  in  this  horrible  Ts'aidam  is  miser- 
able indeed,  and  though  X  was  used  to  the 
dirt  aud  misery  of  sneh  an  existence,  I  had 
daily  to  nse  all  my  persuasive  powers  to 
keep  myoelf  in  the  belief  that  I  would  be 
able  to  stand  it  for  six  months  more.  The 
Mongols  of  the  Ts'aidam  have  a  saying  that 

a  Mongol  eats  3  ponnds  of  wool  with  bin 

food  yearly,  a  Tibetan  3  pounds  of  gravel, 

and  a  Chinese  3  qoarts  of  dirt.    Living  in 

a   Siuico-Mongolo- Tibetan    style,  I  swal- 
lowed with  my  miserable  food  the  dirt,  the 

wool,  and  the  grit,  portioued  by  a  harsh 

destiny  to  these  peoples,  and  I  verily  be- 
lieve that  I  found  enough  wool  in  my  tea, 

my  tsamba,  my  meat,  and  my  bread  while 

in  Mongolia  and  Tibet  to  stuff  a  pillow. 

The  dirt  and  the  sand  could  be  easily  swal- 
lowed, but  the   wool — nothing  conld   bo 

done  with  it,  uo  amount  of  mastication 

conld  dispose  of  it. 
Leaving  Teug^lik  on    the   7th  of  May 

with  fonr  pack  ponies,  three  oxen  and  a 

camel,  the  latter  loaded  with  leather  jars 

fllle<l  with  water,  we  reached  the  N^aichi 

gol  in  five  days,  travelling  all  the  time 

through  sand  or  swamp.  j,.,„  8,-Pr.Jer.wh«UnrD«lby  wind- 

On   the   Naichi   gol    I    stopped   for  a  few         E™ied  onr  Uongol  and  Tib«Uu 

days  to  engage  a  famous  guide  of  whom  I  *i*«Ui"g»- 
had  heard  tell  in  Shang,  and  also  to  replenish  my  store  of  provisions 
as  far  as  possible  in  this  i>overty  stricken  country.  We  got  a  supply 
of  fairly  good  tsamba,  but  the  butter  we  here  bought,  made  of  sheep's 
milk,  was  the  strongest  smelling  and  the  vilest  I  ever  tasted  in  my  life, 
hut  such  as  it  was  I  had  to  eat  it  and  be  thankful  till  I  reached  the  in- 
habited parts  of  Tibet  in  July. 

Leaving  this  place  we  turned  south  aud  following  up  the  Xaichi 
Biver,  entered  the  mountains  which  all  along  the  south  side  of  the 
"^a'aidam  mark  the  Dorthern  edge  of  the  great  tableland  dividing  this 


€72  EXPL0EATI0N8  IN  MONGOLIA  AND  TIBET. 

oonntry  fi-om  Tibet,  and  is  some  200  to  400  miles  vide.  Usually  this  re- 
gion ia  called  Northern  Tibet,  and  though  physically  it  belongs  to  that 
coautry,  from  a  political  point  it  ia  a  no-man's  land,  a  desert  vaste  over 
which  at  rare  intervals  wander  some  robber  bandrt  that  prey  on  pass- 
ing caravans. 

It  would  take  me  too  long  to  describe  this  part  of  my  journey,  in 
which  we  crossed  four  chains  of  moantains  of  an  average  altitnde  of 
aboDt  16,000  feet.  Between  each  of  these,  in  broad  valleys  mnning 
from  west  to  east,  flow  shallow  rivers  over  beds  of  soft  sand  or  gravel 
in  which  we  were  forever  getting  bogged,  we,  onr  horses,  and  males. 

Tfaongh  we  were  in  May  and  lovely  June  we  had  snow-storois  and 
hailstorms  duly,  the  nights  were  bitterly  cold,  and  in  the  middle  of 
the  day  the  thermometer  rose  to  the  nineties. 

With  no  Aiel  bat  the  droppings  of  wild  yaks,  with  hardly  any  grass 
for  onr  animals,  to  which  we  had  dally  to  feed  balls  of  oar  parched 
barley  meal,  it  was  no  wonder  we  made  slow  progress,  or  that  before  we 
had  neared  the  inhabited  regions  of  Tibet  our  sappUes  gave  out  and 
we  had  to  subsist  for  five  days  on  tea  alone.  On  the  7th  of  Jnly  we 
saw  for  the  first  time  black  tents  and  I  learned,  on  sending  two  of  my 
men  to  one  of  them,  that  we  were  among  the  Kantra  in  Kamrn  d^,  a 
dependency  of  Lh'asa  at  the  northwest  comer  of  the  great  Tengri  wt 
(or,  as  the  natives  call  it,  Dolma  Kam-ts'o).  My  plan  had  been  to  go 
around  this  lake  to  the  west,  and  bad  our  provisions  held  ont  a  forfr 
night  longer  I  have  no  donbtwe  would  have  sacceeded,  sosparceistiie 
population  of  this  region,  and  reached  onr  goal,  Shigats^,  the  capital 
of  Ulterior  Tibet.  To  accomplish  my  plan  it  was  necessary  to  make 
detonrs  aronud  every  camp  we  sighted,  for  I  knew  of  the  stringent 
orders  issued  by  the  Lh'asa  government  against  admitting  foreigners 
onto  their  soil,  and  t  entertained  no  hopes  of  seeing  them  modified  in 
my  favor.  Unfortunately  our  supplies  did  not  hold  ont  and  so,  when 
we  made  these  first  Namrn  tents  and  asked  for  food  we  got  only  a 
few  bandfuls  of  tsamba  and  a  little  cheese.  The  news  rapidly  spread 
that  a  small,  but  very  snspicious  looking  party,  had  arrived  from  the 
northern  desert.  The  next  day,  after  making  some  13  miles  more 
in  a  southerly  direction  and  reaching  a  broad  valley  dotted  all  over 
with  tents,  we  were  stopped  by  the  local  headman  and  ordered  to  r«- 
main  camped  where  we  were  until  the  officers  of  the  Lh'asa  govern- 
ment, who  resided  about  a  day's  ride  away,  could  come  and  cross- 
question  us. 

This  was  on  the  8th  of  July.  By  the  13th  it  had  been  decided  that 
I  wa»  to  go  under  escort  of  a  detachment  of  soldiers,  not  the  way  I  bad 
phuined,  but  by  a  circuitous  route  (of  considerable  geographical  interest 
however),  to  the  bijfli-road  leading  to  Lh'asa  IromHsi-ning,  joining  it  a 
Uttle  to  tlie  north  of  the  first  Tibetan  station,  Nagch'u  or  Nagch'nk'a, 
where  there  was  a  high  official,  a  warden  of  the  borders,  who  wobM 
'bout  my  further  movements, 
en  daj's  my  escort  took  me  in  a  general  easterly  direction  ovB 
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the  footbillB  of  the  great  DaDg  la  chain,  which  we  fi-eqaently  saw  to 
the  north,  its  peaks  covered  with  eternal  bdows  reaching  far  down 
their  flMihs  (the  suow  line  in  this  country  being  at  aboat  17,500  feet 
above  sea  level).  We  crossed,  a  number  of  streams,  all  flowing  in  a 
Bontbeasterly  direction  and  probably  forming  the  head  waters  of  the 
Jyama-na  ch'n,  the  npper  Salween,  it  is  believed.  The  rain  fell  daily 
in  torrents,  the  spongy,  tussocky  ground  was  soaked,  and  dry  fiiel  no- 
where to  be  foond,  so  that  finally  we  had  to  born  oar  pack  saddles  to 


Fio.  9 TlbetaD  baji  frDm  JjfAt. 

boU  oar  kettle.  In  an  utterly  exhausted  condition,  we  reached,  on  the 
23A  of  July,  the  highroad  to  Lh'asa  in  the  Dang  ch'u  valley,  a  day  and 
a  halfs  ride  north  of  Nagcb'ak'a. 

Here  the  Kamm  men  left  me,  but  I  was  soon  espied  by  some  of  the 
tniards  stationed  along  this  road  for  the  very  purpose  of  arresting  for- 
eigners, and  requested  to  remain  where  I  was  till  the  officer  in  command 
at  Kag  ch'u  could  come  and  see  me. 

Before  this  I  had  been  obliged  to  give  up  alt  idea  of  carrying  out  my 

original  plan  of  getting  to  India,  and  I  had  now  solely  in  view  reaching 

China  by  some  heretofore  unexplored  route  which  would  keep  me  in 

H.  Mis.  114- 
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the  inhabited  parts  of  Thibet,  so  that  my  ethnological  researches  could 
be  saccessAilly  carried  on. 

While  waiting  here  on  the  Dang  ch'u  for  the  arrival  of  the  I«agch'n 
officials,  I  was  visited  by  some  natives  from  the  left  bank  of  the  river, 
and  1  learned  from  them  that  they  and  the  tribes  to  the  east  of  thwn 
were  not  subject  to  Lh'asa,  and  that  by  traversing  their  oonntry  (called 
JyadS  or  "Chinese  Province")  I  could  reach  the  important  town  of 
Ch'am^o,  on  the  highroad  to  China,  wheuce  I  woald  be  able  to  ooutinae 
my  journey  commodiously  to  Tachien-Iu  in  SsO-ch'uan. 

I  at  once  made  np  my  mind  to  follow  this  route,  only  waiting  to  see 
the  Nag  ch'a  officials  to  satisfy  my  curiosity,  and  possibly  pick  op  some 
interesting  details  concerning  them,  their  country,  and  its  cuBtoms. 

On  the  27th  of  July,  I  cro^sedthe  Dang  ch'u  and  was  kindly  received 
by  the  chief  of  the  P6t4  band,  who,  on  the  following  day,  introdnoed 
me  to  one  of  the  big  chiefs  or  D^bas  of  the  conntry,  Nor  jyal-tsan  by 
name,  who  was  about  to  start  for  his  home,  a  fortnight's  ride  to  the 
east  and  on  the  road  to  Ch'amdo. 

It  was  arranged,  after  a  .short  consultation  and  the  presentation  to 
him  of  some  presents  (50  ounces  of  silver,  some  knives,  red  lacqaet 
rice  bowls,  ete.),  that  he  would  take  me  with  him,  and  see  to  all  my 
wanto  on  the  way.  On  reaching  his  home  he  would  fiirther  supply  me 
with  a  gnide  as  far  as  M^r  djong,  the  first  locality  on  Oh'amdo  terri- 
tory, beyond  which  neither  he  nor  his  people  ever  went;  and  he  gave, 
among  other  reasons,  for  this  that,  while  the  Ch'amdo  people  professed 
lamaism,  he  and  the  people  of  .lyadi-  followed  the  Bonbo  religioo,  the 
moderb  and  corrupt  form  of  the  old  pre-Bnddhistic  sbanianism,  irtueh 
has,  at  one  time  or  the  other,  prevailed  over  all  Asia. 

Sin(«  leaving  the  Ts'aidam  in  May,  I  had  continually  travelled  over 
country  with  an  average  altitude  of  about  15,800  feet  above  sea  level, 
frequently  crossing  ridges  and  plains  considerably  bigber.  On  leaving 
the  i>aug  ch'u  we  very  gradually  descended  till  we  reached  near 
the  Kama-ch'u,  the  timber  line  on  the  12th  of  August,  something 
over  13,000  feet  above  sea  level.  At  this  altitude  cultivation  also  be- 
gan, barley  and  turnips  being  the  only  crops.  These  are  eked  out  by 
the  use  of  seeds  of  several  kinds  of  plants  found  growing  in  profusion 
on  the  hillsides.  Above  this  altitude  the  people  subsist  entirely  on 
what  their  flocks  and  lierd^  of  yaks  can  Hupply  them,  the  neces- 
sary tsamba  and  te^,  being  procured  by  them  at  Lh'asa  or  from  traders, 
who  annually  visit  these  regions.  The  principal  article  of  trade  of  the 
Namru  and  other  atljaceut  tribes  is  salt,  procured  by  evaporation  from 
some  of  the  large  lakes  to  the  west  of  the  Dang  la  and  brought  thence 
on  the  backs  of  sheep,  each  one  carrying  about  25  pounds.  All  the  salt 
I  have  seen  in  these  parts  Is  of  a  brick-red  color  and  very  impure. 

On  the  20tli  of  August,  we  reached  Mer  djong  gomba  on  Cb'amdo 

territory,  having  traversed  the  whole  of  Jyad4  without  any  mishaps, 

W" '  *      "    -f  met  everywhere  with  the  greatest  courtesy  and  kindness 

jefs  and  people.    Tlie  country  round  Mer  <^ong  is,  where- 
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ever  possible,  well  cultivated,  barley  and  wheat  are  the  principal  cropa, 
and  near  each  of  the  bouses  is  a  little  ^rdcn-patch,  where  we  saw  with 
delight  cabbages,  onions,  peas  and  turnips,  but  we  noticed  no  domestic 
fowls }  these  are  found  only  in  the  Chinesilied  portions  of  the  country. 
From  Mer  djong,  we  went  to  Biwoch^  (a  dependency  of  Lh'aSii)  on 
the  Ta6  ch'u,  passing  through  some  beautiful  alpine  country  (along  the 
K^  ch'u),  the  mountain  sides  covered  with  fine  forest  growth  and  the 
valley  bottom  a  mass  of  flowers  of  every  hue.  Frequently  we  saw  large 
bnocbes  of  silver  pheasants  {Cragtoptilon  tibetanum,  in  Tibetan  8aga), 
moving  rapidly  about  in  the  thickets  of  rhododendrons  and  lanrel-Iike 
plants,  calling  their  young  with  a  cry  pecuharly  like  that  of  the  guinea 
fowl.  Very  few  varieties  of  birds  were  noticed  however  here,  or,  in 
fact,  anywhere  along  the  route,  singing  birds  being  esiiecially  rare. 


Tin.  ID.— Half-breed  yakx  with  liwll. 

Kiwoch^  is  a  iilace  of  some  importance  commercially,  but  from  a  pic- 
turesque point  of  view  it  is  especially  noteworthy  for  its  peculiar  temple, 
with  walls  of  white  and  red,  and  gold  spires  rising  from  its  green-tiled 
roofs.  Around  the  temple  are  the  dwellings  of  some  three  hundred 
lamas,  near  which  are  the  houses  of  perhaps  a  hundred  families  of  lay- 
men. The  village  is  at  the  base  of  steep,  forest-clad  mountains,  and 
before  it  flows  the  switt  river.  This  place  is  one  of  the  few  in  Tibet 
which  can  boast  of  a  wall  around  it;  it  was  built  by  tbe  Chinese,  in  all 
probability,  about  1717. 

Two  stages  down  the  Z6  ch'u  valley  brought  us  to  Nyulda,  a  Chinese 
post  station  on  the  highroad  to  Lh'asa,  where  the  soldiers  supplied  us 
with  the  first  eggs  and  vegetables  we  had  had  for  many  a  long  monf' 
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We  were  now  about  two  and  a  half  days  journey  from  the  town  of 
Ch'amdo,  which  I  was  not  however  destined  to  see,  for  when  I  had 
advanced  towards  it  another  day's  ride,  I  was  stopped  by  the  lamas  of 


tbatj^ace,  and  requested  to  take  a  cross  road  leading  arooud  the  town 
■^  tanee  and  joiuing  n^ain  the  highway  to  China  near  a  place 

■.■d{: 
to  follow  this  road  anil  finally  obtained  permission  to  take 
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another  trail  over  the  monDtains  to  tbe  iwuth,  which  bioaght  as  oat, 
aft«r  four  dayR  of  travel  throagh  the  moat  beaotiful  scenery  I  know  of 
anywhere  in  Tibet,  at  the  post  station  of  Pung-d^,  the  Pao-tun  of  the 
Chinese. 

The  worst  poit  of  my  long  joaraey  was  now  over,  for  &oo)  this  point 
I  travelled  in  comparative  comfort,  with  an  escort  of  Chinese  soldiers, 
relays  of  pack  and  saddle  horses,  and  houses  every  night  to  put  up  in; 
thongh  I  stUl  frequently  preferred  my  tent,  where  I  could  enjoy  some 
privacy  and  escape  the  attack  of  the  deaa  which  swarm  in  all  Tibetan 
dwellings,  to  say  nothing  of  rate  and  other  vermin. 

The  first  town  of  any  importance  we  came  to  after  leaving  RiwocM 
was  Draya,  or  Chamduii  Draya  as  it  is  also  udled,  the  capital  of  an 
ecclesiastical,  semi-independent  Btat«,  on  an  affluent  of  the  Om  ch'o, 
which  flows  by  Ch'auido. 

The  town  is  prettily  situated  ou  a  gentle  slope,  the  lamasery,  as 
asoal,  occupying  the  higher  part  of  it,  with  a  little  plain  in  Iront) 
beyond  which  flows  the  Ombo  ch'o,  here  met  by  two  other  streams 
of  considerable  size.  The  crops  were  ripeuing  and  fields  of  barley 
and  wheat  covered  every  little  patoh  of  groand  susceptible  of  culti- 
vation. On  high  frames,  with  which  every  country  house  is  provided, 
grass  twisted  in  cables  was  drying  for  the  winter's  forage,  and  in 
some  places,  where  the  high  precipitous  monntains  did  not  over- 
shadow the  fields  too  much  and  the  crops  were  early,  barley,  wheat, 
and  tomipB,  were  already  bauging  on  these  frames,  which  are  used 
everywhere  in  Tibet  for  this  purpose. 

Though  I  was  very  roughly  received  at  Draya — in  fact,  in  lien  of 
fire-crackers  I  had  a  volley  of  stones  let  off  at  me  as  I  entered  the 
town — I  remained  here  for  two  days  and  gathered  a  good  deal  of  inter- 
esting information  bearing  on  both  the  country  and  the  people,  which 
it  is  not  possible  to  convey  here,  and  for  which  I  must  refer  the  reader 
to  my  complete  report  now  in  preparation. 

On  tbe  6th  of  September,  I  left  Draya,  and  after  an  interesting  joar- 
ney  of  five  days,  up  hill  and  down  dale,  reached  tbe  important  town  of 
Gartok,  or  Chiangka  as  it  is  called  by  the  Chinese,  tbe  chief  town  of 
the  province  of  Merkam  belonging  to  Lh'asa.  It  is  curious  in  this  con- 
nection to  note  that  vassal  states,  governed  by  oflScials  sent  by  Lh'asa, 
are  found  scattered  all  over  Tibet;  the  Nyarongor  "  arable  lowlands  of 
the  Sya  Biver,"  the  Tsarong,  Biwoch^,  and  innumerable  locaUties  in 
Bonthem  and  southeastern  Tibet  belong  to  this  class. 

These  districts  have  frequently  given  in  their  allegiance  to  Lh'asa  (or 
"tied  their  head,"  go-ta-iea,  as  they  say)  on  account  of  similarity  of  re- 
Ugious  beliefo.  Sometimes,  however,  Lh'asa  has  got  possession  of  them 
through  intrigues  or  open  aggression. 

Oartok  is  an  important  center  for  tbe  musk  trade,  which  of  late  years 
has  taken  considerable  estension.  It  has  a  native  population  of  about 
seven  hondred,  besides  some  two  hundred  or  three  houdred  lamas. 
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From  a  huodred  to  a  huadred  and  fbixty  Chinese  also  reside  here,  all, 
or  neai'ly  all,  of  them  having  native  wives. 

Wheat,  oats  (wildt),  and  barley  are  grown  here  extensively,  and  the 
gardens  'sapptied  us  with  cabbaj^es,  tarnips,  and  several  other  kindB 
of  vegetaMea^  one,  called  in  Chinese  oaung,!  fonnd  especially  pala- 
table. Cats,  pigs,  aad  fonts  were  seen  in  every  house,  and  I  was  pre- 
sented by  the  Chinese  officer  ia  command  of  the  little  garrison  here 
with  grapes,  peaches,  and  apricots  (wild,  varieties,  I  believe),  brought 
here  from  the  Rongmi,  or  "Urres  chaudesy"  as  the  French  missionaries 
call  them,  some  two  days'  distance  down  the  River  o£  Ooldeo  Sands 
(Chin- aha  ho  or  Chin  chiang  ho). 

For  the  first  time  in  Tibet  I  saw  house  sparrows  (cA«u6a,  in  Tibetaa) 
at  GM^ot. 

Leaving  Gartok  on  the  12th  of  September,  we  reached  Bat'ang  on  the 
15th,  and  here  the  geographical  portion  of  my  work  was  at  an  end.  The 
people  between  Gartok  and  Bat'ang  are  Chinesified  to  a  considerable  ex- 
tent, and  have  also  a  few  customs  introduced  among  them  fh>m  inter- 
coorse  with  the  tribes  living  south  of  them,  Lissns,  Mosso,  and  others. 
Among  other  things  borrowed  Irom  these  tribes  is  a  peculiar  jew's-harp, 
carried  by  every  woman  of  this  region,  and  consisting  of  three  different 
toned  harps  of  bamboo;  two  or  three  women  often  play  together,  and 
to  this  accompaniment  they  dance  a  slow,  shofliing  step  in  which  grace 
and  beauty  are  conspicnonsly  absent. 

I  remained  at  Bat'ang  foar  days,  and  then  proceeded  to  Lit'ang, 
which  I  reached  on  the  24th,  and  finally  arrived  at  Ta-chien-ln,  on  the 
Chinese  frontier,  on  the  2<i  of  October.  From  this  locality  to  Shanghai, 
where  1  arrived  on  the  1st  of  ^November,  I  followed  the  ronte  taken  by 
me  in  1889.  and  for  a  description  of  which  I  must  again  refer  the  reader 
to  the  pubMshed  account  of  my  first  jonniey. 

Before  closing  this  brief  account  of  my  journey  T  must  mention  thai  in 

July,  when  on  the  Dang  ch'n  (and  even  earlier,  when  inyamm),  Iheard 

that  some  foreigners  had  passed  through  the  country  some  six  months 

previous,  coming,  it  was  supposed,  from  the  west.    In  August  I  again 

beard  vaguely  of  these  travellers,  and  on  the  18tb  of  that  month,  while 

camped  near  the  Z^  ch'u  at  Lah'a  in  Nar  peihu,  I  was  shown  by  a  native 

a  note  he  had  received  from  a  foreigner  commanding  an  expedition  which 

ha«l  |Mtssed  through  here  several  mouths  before.    It  was  signed  Capt 

lli'urv  llower.  of  the  Seventeenth  Bengal  Cavaln~,  and  he  had  come,  I 

rom  Ladnk  byway  of  the  deserts  to  the  northwest  of  Tibet 

have  had  the  pleasure  of  meeting  Capt.  Bower  in  Lon- 

lave  b<>eu  able  to  compare  notes.    From  this  compari* 

that  after  the  10th  of  August  (I  had  then  reached  the 

our  mutes  were  very  nearly  parallel  till  we  arrived  near 

which  point  they  were  identical. 

mid  like  to  call  attention  to  the  rich  fields  of  reaearcb 
lei»endencies  aflbrd  the  explorer,  be  he  geographer,  bota- 
or  ethnologist.    Though  volumes  enong^if^  ^  «  goodly 
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library  have  been  written  aboat  the  Chinese  Empire,  a  great  deal  re- 
maiiiH  to  be  doae.  Oar  geograpbical  knowledge  of  Ghiiia  is  still  based 
OQ  the  sorveys  of  the  Jesaits,  executed  in  the  seventeenth  ceutary,  to 
which  a  few  itinerHries  have  since  been  added.  Pampelly,  Richthofen 
and  a  few  others  have  only  stodied  the  geology  of  a  part  of  this  vast  re- 
gion -f  its  botany  is  less  well  known  perhaps  than  that  of  any  other  part  of 


Tio.  12^-a,  b.  Tibetan  Jewi'i-blrp  {£'■  pi) ;  Bunboo.    c,  BunlKucueof  ume. 

the  globe.  Its  ethnology,  though  it  has  been  more  or  less  studied  by  hun- 
dreds of  writers,  !ias  never,  as  far  as  I  know,  been  systematically  treated, 
and  the  scientific  study  of  the  languages  of  China  is  only  just  begun. 
Of  the  scientific  results  of  my  journey  I  will  here  say  nothing;  tbey 
will  be  submitted  in  the  report  which  I  am  at  present  preparing,  to- 
gether with  a  route  map  on  a  scale  of  16  miles  to  an  inch,  reduced  from 
my  original  survey.  The  illustrations  accompanying  this  paper  are 
from  photographs  taken  by  me  on  the  jouruey,  and  of  which  I  secured 
some  two  hundred  fairly  good  ones. 


D.D.t.zea  by  Google 


PEOGEES8  OF  ASTBONOMT  FOR  1891  AND  1892. 


By  William  C.  Winlock. 


A  review  of  the  progreHS  of  aatroiiomy  for  the  yeara  1879  and  1880 
was  coiitribated  by  Prof.  E.  3.  Holden  to  tbe  Smithsonian  Report  for 
1880,  and  revievs  for  each  eucceediDg  year  were  continned  by  him  in 
the  annaal  reports  of  the  Institatton  up  to  1884;  the  reviews  for  1885 
and  1886,  aud  for  18S7-'88  and  1889-'90  were  prepared  by  the  present 
writer,  the  pablication  since  1886  being  biennial  instead  of  aunnal.  Tbe 
arrant^ment  of  the  review  for  1891-'92  is  essentially  the  same  as  in 
previonB  years  and,  in  its  compilation  as  hitherto,  notes  in  recent  jour- 
nals have  been  freely  drawn  upon  withont  specific  citation. 

It  Bhonld  be  borne  in  mind  that  the  review  is  intended  for  those  having 
a  general  interest  in  astronomy  mther  than  for  the  professional  astron- 
omer who  has  access  to  a  large  working  library.  To  tbe  latter'  tbe 
bibliography  appended  may  be  found  convenient  as  a  reference,  and 
will  sapplement  the  text  in  giving  a  general  idea  of  recent  publications 
on,aDy  special  subject.  Many  very  important  papers  are  of  such  a 
nature  that  they  do  not  lend  themselves  readily  to  condensation  for  the 
purposes  of  snch  a  summary  as  the  present. 

Within  tbe  last  few  years  many  new  aids  have  been  provided  to 
focUitate  reference  to  the  constantly-increasing  volume  of  the  litera- 
ture of  the  subject.  The  most  comprehensive  of  these  is  to  be  foand 
in  tbe  Bulletin  tutronomique,  published  under  the  auspices  of  the 
Paris  Observatory  and  the  able  editorship  of  M.  Tisserand.  In  addi- 
tion to  extensive  critical  reviews  of  important  memoirs,  there  is  a  brief 
amnmiuy  of  the  contributions  to  other  astronomical  periodicals,  and 
the  whole  is  made  easy  of  reference  by  an  admirable  index  (wherein 
most  journals  are  defective)  at  tbe  close  of  the  year,  which,  in  foct, 
to  a  large  extent,  supplies  a  bibliography  of  astronomy  for  the  year. 
The  Journal  of  tke  Britigh  Astronomical  Association  contains  a  sum- 
mary of  current  periodical  literature,  the  value  of  which  to  tbe  mem- 
bers is  abundantly  vouched  for.  The  Fublicationa  of  the  Astronomical 
Society  of  the  Pacific  contains  a  great  number  of  admirable  reviews  or 
notes,  and  this  department  is  receiving  increased  attention  in  Astron- 
omy and  Astrophysics.  The  Observatory  has  perhaps  the  most  com- 
plete noteS)  withont  an  attempt  at  a  systematic  summary  of  current 
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literature,  to  be  found  in  English,  whiJe  tlie  excellent  reviews  in  Natwre 
and  tbe  more  popalar  notes  of  the  Atkeriavm  need  do  special  comment 
here.  The  AstronomUche  Nachrichten  and  the  AatronomietU  Journal 
contain  occasional  notices  of  important  works. 

Tbe  "Notes  on  some  points  connected  with  tbe  progress  of  astroii' 
omy  during  tbe  past  year"  iu  the  Monthly  Notices  of  the  Royal  Astro- 
nomical Society  bare  been  increased  in  scope  and  fullness,  and  as  the 
reviews  in  different  brancbes  of  astronomy  are  furnished  by  specialists, 
these  notes  form  a  most  valuable  commentary  on  the  year's  work.  The 
Vierte}jahrs8chrift  der  oglrofMmisehen  QeselUcha/t  is,  of  course,  the  crit 
ical  astronomical  review,  and  is  tbe  recognized  antbority  for  summa- 
ries of  cometary  and  planetary  discoveries. 

STELLA.E  SYSTEMS. 

The  Mithy  Way. — The  independent  researches  of  Pro£  Pickering  at  the 
Harvard  obsei-vatory  and  of  Dr.  Gilf  at  tbe  Cai»e  of  Good  Hope  hare 
led  to  the  conclusion  that  the  stars  of  the  Milky  Way  form  a  veritable 
sidereal  system,  separate  and  individual.  This  conclasioii  is  entirelj 
opposed  to  the  views  Sir  William  Herschel  reached  from  his  earliest 
observations  {17B5)  which  are  still  generally  received  by  those  who 
have  not  given  much  attention  to  this  special  question.  Miss  Gierke 
points  out  iu  the  Observatory  for  September,  1891'  (p.  302),  that  "tbe 
study  of  nebular  distribution  might  alone,  and  long  ago,  have  driven 
out  of  tbe  field  every  form  of  '  projection  theory'  of  the  Milky  Waj. 
For  it  showed  the  great  mnjority  of  gaseous  nebulae  to  be  embrace<l 
within  its  circuit,  and  this  alone  amounted  to  a  demonstration  tbftt  s 
physical  reality,  and  not  simply  a  geometrical  appearance,  was  in 
question." 

A  brief  statement  of  the  argnmenta  of  Prof.  Pickering  and  of  Dr. 
Gill  is  contained  in  a  lecture  by  the  latter  delivered  at  the  Boyal 
Institution  of  Great  Britain,  May  20,  1891.    Dr.  Gill  said: 

I  pass  now  to  another  recent  result  that  is  of  great  <'X>smical  interest 

The  Cape  photographic  star-charting  of  the  Southern  Hemispbere 
has  been  already  referred  to.  In  comparing  the  existing  eye  estimatesof 
magnitude  by  Dr.  Gould  with  the  photographic  determinations  of  these 
magnitudes,  both  Prof  Kapteyn  and  myself  have  been  greatly  struck 
with  a  very  considerable  systematic  discordance  between  thp  two- 
In  the  rich  parts  of  tbe  sky,  that  is,  in  the  Milky  Way,  the  stars  are 
systematically  photographically  brighter  by  comparison  with  the  eye 
observations  than  they  are  in  the  poorer  part  of  the  sky,  and  that  not 
by  any  doubtful  amount,  but  by  half  or  three-fourths  of  a  magnitade. 
One  of  two  thiiigs  was  certaiu,  either  that  the  eye  observations  were 
wrong,  or  that  the  stars  of  the  Milky  Way  are  bluer  or  whiter  than 
other  stars.  But  Prof.  Pickering,  of  Cambridge,  America,  has  l8t<J/ 
made  a  complete  photographic  review  of  the  heavens  and  by  placing 
a  prism  in  front  of  the  telescope  he  has  made  pictures  of  the  whde 
sky.  ...  He  has  discussed  the  various  types  of  the  spectra  of  the 
hciithter  atars,  as  thus  revealed,  according  to  their  distribution  in  ^^ 
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tiky.  He  flods  thus  that  the  stars  of  the  Siriui  type  occnr  chiefly  in  the 
MUky  Way,  whilst  stars  of  other  types  are  fairly  divided  over  the  sky. 

Now  Btars  of  the  Sirius  type  are  very  white  stars,  very  rieli  relative 
to  other  stars  in  the  rays  which  act  most  strongly  ou  a  photographic 
plate.  Here  theu  is  the  expIaDation  of  the  rexultn  of  our  photographic 
stai'-cbartiDg,  and  of  the  discordance  hetweeu  the  photographic  and 
visual  maguitudes  in  the  Milky  Way. 

The  results  of  the  Capo  charting  further  show  that  it  is  uot  alone  to 
the  brighter  stars  that  this  discordance  extends,  hot  it  extends  also, 
though  in  a  rather  less  degree,  to  the  fainter  stars  of  the  Milky  Way. 
Therefore  we  may  come  to  the  very  remarkable  conclusion  that  the 
Milky  Way  is  a  thing  apart ;  and  that  it  has  been  developed  perhaps  in 
a  dift'erent  mauuer,  or  more  probably  at  a  different  and  probably  later 
^poch  from  the  rest  of  the  sidereal  UDiveree.* 


In  a  paper  by  Prof.  Keeler,  communicated  to  the  Royal  Society  by  Dr. 
Hnggins  c«k  March  19, 1891,  the  qnestion  of  the  position  of  the  chief 
nebular  line  seons  to  be  deflnitely  settled.  Prof.  Keeler  has  uot  only 
made  a  series  of  sixteen  complete  measures,  obtained  on  eleven  nights, 
of  the  chief  line  in  the  spectrum  of  the  Oriou  nebula,  thus  deflniug  its 
apparent  position  when  corrected  for  the  earth's  motion,  as  i  5006.22  ± 
0.014,  but  has  sapplemented  these  by  ten  measures  of  the  green  hydro- 
gen line  on  sevBO  nights.  The  latter  show  the  nebula  to  be  moving 
relatively  to  the  solar  system  with  a  motion  of  +  10.7  ±  1.0  miles  per 
second,  and  oblige  ns  to  fix  the  true  position  of  the  chief  line  at  i  6005.93. 
The  chief  line  is  therefoi'e  0.43  tenth  meter  more  refrangible  than  the 
lover  edge  of  the  magnesium  Anting,  and  as  it  has  no  resemblance  to 
a  fluting  in  appearance,  and  as  ilatinga  and  lines  of  magnesium,  which 
could  not  fail  to  appear  at  the  same  time  with  the  fluting  at  A  5006.36 
are  entirely  absent  fj^om  nebular  spectra,  the  incorrectness  of  the  view 
tiiat  the  nebular  line  is  the  remnant  of  the  magneaium  fluting  api>ear8 
to  be  demonstrated. 

Mr.  Bnmbam  has  made  a  set  of  measures  of  the  nebula  in  the 
Pleiades  close  to  the  star  Merope.  He  remarks  that  it  is  one  of  the 
moat  singular  and  interesting  objects  in  the  heavens.  With  respect 
to  its  nearness  to  a  bright  naked-eye  star  (the  distance  between  the 
centers  is  less  than  40")  it  is  unique.  There  may  be  other  examples, 
bnt  certainly  no  other  has  ever  been  discovered,  and  this  close  asso- 
ciation of  a  faint  nebula  and  one  of  the  prominent  stars  of  the  Pleiades 
is  an  interesting  fact,  whether  such  association  is  accidental  or  other- 
wise. The  accurate  measures  made  by  Mr.  Bumham  and  Mr.  Barnard 
will  enable  this  point  to  be  ascertained  when  others  shall  have  been 
made  sometime  hence,  and  it  will  be  possible  to  determine  by  compar- 
ison wbetlier  the  new  nebula  is  drifting  in  space  with  Merope  and  the 
other  atws  of  this  famous  group.  We  have,  of  coarse,  many  examples 
of  large  stars  involved  in  widely  diffused  and  extended  nebulous  masses, 

'PnblicBtioiiB  of  the  Aatro Domical  Sooietf  of  the  PacIQo,  1^.        O 
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but  no  isstance  faae  hitherto  been  known  of  a  star  bright  enough  to  be 
visible  to  the  naked  eye  having  a  small  definite  nebnla  within  even  sev- 
eral times  the  distance  of  this  from  Merope. 

ASTBONOBUOAL  CONSTANTS. 

The  Constant  of  Aberration. — Prof.  Comstock,  of  the  ^ashbam  Ob- 
servatory, has  been  making  carefnl  trial  of  a  tnodiflcation  of  the  method 
of  determining  the  constant  of  aberration  first  suggested  by  M.  Loewy. 
.The  essential  feature  of  M.  Loewy's  method  is  the  introdaction  rf 
reflecting  surfaces  in  front  of  the  objective  of  a  telescope,  by  means  oC 
which  images  of  different  portions  of  the  heavens  are  BimaltaneouBly 
produced  in  the  focal  plane  of  the  objective.  By  means  of  the  microm- 
eter the  apparent  distance  between  the  images  of  two  stars  thos  pro- 
duced may  be  measured,  and  the  angular  distance  between  the  stats 
determined  from  a  simple  relation  involving  the  measured  qnantity  ancl 
the  angle  included  between  the  reflecting  sorfaces.  It  is  obvious  that 
great  difficulties  would  attend  the  determination  of  this  angle,  and  U. 
Loewy  avoids  these  difficulties  by  measuring  the  dist-ances  of  two  pain 
of  stars  and  taking  the  difference  of  these  distances,  thus  eliminating 
the  angle  between  the  mirrors.  Prof.  Comstock  has  foand  it  sdvao- 
tageous  to  place  before  the  objective  three  reflectiug  sorfaces  instead 
of  two,  making  approximately  eqaal  angles  among  themselvee,  and  to 
employ  successively  each  pair  of  sarfaces  in  measuring  the  distaaoe 
between  two  given  stars.  If  the  normals  to  these  sarfoces  all  lie  ui 
the  plane  passing  through  the  two  stars  and  the  earth,  the  mean  of 
the  three  dihedral  angles  formed  by  the  surfaces  will  be  exactly  120°; 
and  by  taking  the  mean  of  the  results  famished  by  the  three  pairs  of 
surfaces  the  distance  between  a  pair  of  stars  may  be  determined  in- 
dependently of  the  angles  between  the  mirrors.  ProC  Comstock's  pro- 
visional result  for  the  constant  of  aberration  is  20" .494  J:0".017. 

yiyi.  Loewy  and  Poiseux's  work  on  the  Constant  of  Aberration  is 
aummariEed  as  follows  in  a  communication  to  the  Oompte*  Eendnt  for 
Man>h  16, 1801. 

1.  Struve's  valae  20" .415  is  very  near  the  troth.  It  would,  in  our 
opinion,  be  premature  to  alter  it. 

'2.  X.  Piieau's  result,  that  reflection  does  not  affect  the  behavior  of 
raj's  with  rvgnnl  to  aberration,  is  confirmed. 

3.  Tho  nt>w  method  for  dpterminisg  aberration  can  be  regarded  ae 
satlatW'tory  and  dettnitive. 

8TAB  CATAIXKirES  AND  CHABTS. 

Tkr  Stur  Vataloitwo/tkf  Aitmnomitcke  Oeteil»elMfi.—The  tone  under 

taki-n  by  the  llar\-»rd  College  t>baer\-atoiy  +50©  to  +65°  dechnation 

btt"  l>iH>H  itublisb(><l  H.O  t1ii>  fit>h  ]H)rt  of  the  great  catalogue.    Theobstf- 

'""     A  \v(»w  niad«»  with  the  new  meridian  circle  in  the  years  ISTO-TS 

;»  "S*,  ohiod>-  by  Vt\\(.  W,  A.  Rogers,  nnder  whose  direction 
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the  reductions  bare  also  been  made.  The  light  ascensions  were 
observed  cfaronographicalljr  over  eleven  vertical  wires,  and  the  declina- 
tions also  chronographically  over  an  inclined  wire,  the  circle  being 
read  by  two  microscopes.  The  probable  error  of  an  observation  in 
ISTO-'TS  is  itO.'OMiu  right  ascension  and  J:  0" .55  in  declination,  and  is 
rather  greater  for  stars  fainter  than  the  eighth  magnitude  than  for 
brighter  stars. 

The  fifth  volame  of  the  Annals  of  the  I^eydcD  observatory  contains 
the  second  halfof  the  zone^bservations  between  +30°  and  +35° — em- 
bracing ten  thousand  observations. 

The  Paris  Catalogue. — The  second  part  of  this  work,  containing  the 
places  of  stars  from  C*  to  12"  of  right  ascension,  has  recently  been 
issued,  the  first  part  having  been  published  in  1887.  There  are  really 
three  catalogues,  the  first  comprising  observations  f^om  1837  to  1853 
reduced  to  1846.0;  the  oecond,  those  made  from  1854  to  1867  reduced  to 
1860.0,  and  the  third  ttom  1868  to  1881  reduced  to  1875.0.  The  stars 
are  arranged  in  the  order  of  right  ascension  at  1875.0.  A  valuable 
memoir  on  the  proper  motions  of  the  stars  contained  in  the  catalogue  . 
has  be«n  prepared  by  Bossert. 

Second  Munich  Catalogue. — A  second  catalogne,  containing  13,200 
Btars  for  the  epoch  1880.0  has  been  published  under  the  direction  of 
Prof.  Seeliger  supplementary  to  the  larger  catalogne  recently  issued. 
The  stars  are  from  the  seventh  to  tenth  magnitude  within  25°  of  the 
equator,  and  were  observed  with  the  meridian  circle  during  the  years 
1884  to  1888.  The  positions  dejtend  upon  Auwers's  Fundamental  Cata- 
logne. 

Pulkowa  Catalogue. — The  Pulkowa  catalogne  of  5,634  stars  for  1875 
is  deduced  from  observations  made  with  the  meridian  circle  during  the 
years  lS74-'80,  and  prepared  for  pablication  by  Ilerr  Romberg.  The 
stars  are  of  various  classes,  including  many  of  the  Struve  double  stars. 
A  comparison  is  made  with  the  places  of  several  other  catalogues. 

Oeltzen^s  Catalogue. — A  new  editon  of  Oeltzeu's  catalogue  of  Argel- 
uider's  southern  zones,  — 16°  to  — 31°,  has  been  published  by  Prof. 
Weiss.  The  total  number  of  stars  is  18,276,  the  positions  being  given 
for  1850.0  with  the  amount  of  the  precession  necessary  to  bring  them 
to  1875,0.  The  places  of  stars  north  of  —23°  have  been  compared  with 
Bchonfeld*s  Southern  Durchmusteruug,  and  south  of  that  limit  with 
other  catalogues,  thereby  eliminating  a  considerable  number  of  errors 
from  the  original  places. 

Bceddicker^s  map  of  the  ^[ilky  Way. — Dr.  B<eddicker,  of  the  Earl  of 
fiosae's  observatory  at  Birr  Castle,  has  been  at  work  since  1884  upon 
an  elaborate  map  of  the  Milky  Way  from  the  Korth  Pole  to  10°  south 
declination,  and  has  at  length  finished  IhiH  very  laborious  task,  flis 
plan  has  been  to  exhibit  the  ramifications  of  the  Milky  Way  as  it  ap- 
pears to  the  naked  eye,  a  necessary  first  step  to  the  knowledge  of  the 
structure  of  the  sidereal  universe.    Xo  optical  help  has  beeti  nsed. 
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STELLAB   PARAIXAX, 

Prof.  Pritcbard  has  coutinaed  iu  Part  iv  of  the  publications  of  the 
Oxford  TTniversity  Observatory  his  work  upon  the  photographic  deter- 
mination of  stellar  parallaxes.  He  has  concluded  "from  actual  and 
prolonged  exi)erience  that  an  accuracy,  amply  sufficient  in  the  present 
condition  of  astronomy,  is  secured  by  observations  of  each  star  made 
ou  twenty-five  nights  advantageously  selected  throughout  the- paral- 
lactic year,  four  exposures  bein^;  usually  made  on  each  night.'' 

The  general  result  of  the  investigations  of  the  parallax  of  thirty 
northern  stars  of  the  second  magnitude  is  that  the  average  parallax  of 
a  star  of  the  second  magnitude  is  0."056;  and  comparing  with  tliis 
the  result  of  Drs.  Gill  and  Elkin  for  the  average  parallax  of  fourteen 
first  magnitude  stars,  \'tz,  0."089  we  see  that  there  is  distinct  evidence 
that  the  brighter  stars  are  nearer — though  it  should  be  borne  in  mind 
that  the  heliomet«r  was  used  by  Drs.  Gill  and  Elkin,  and  the  photo- 
graphic method  by  Prof.  Pritchard. 

Following  is  a  tabular  statement  of  the  Oxford  results.  Two  results 
o  and  b  are  obtained,  from  two  comparison  stars;  the  probable  error 
of  each  result  is  about  :L0."025: 


-Hi... 


1  T«iiri. 

t  Anrige 

>  Una  M^)aris.. . 
I  Unn  Hajoria... 

r  Vnm  M^|ori«... 
r  UmBM^OTia... 
I  Vmiittiotit... 


r  DnwaDla... 

fCygni 

'Cjsal 

.  Pegaal 


Tale  heliomeier  determinaHotu  of  stella. 
lishes  the  following  preliminary  results 
parallaxes  of  the  first  magnitude  stars 


parallax. — Dr.  Elkiii  ?"'>■ 
of  his  investigations  of  th« 
n  the  northern  bemispl'*'*' 


ing  to  continue  his  observations  until  he  has  secured  one  bQB' 
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dred  sets  of  nieaSQFes  of  each  of  the  ten  stars — that  namber  being 
required  in  his  opioion  to  fnmish  parallaxes  with  probable  errors  not 
much  above  0"  .01. ■ 


■  Turi... 
I  Cull 

■  BooUi.. 


Determination  of  stellar  parallax  mith  a  transit  instrument. — Prof. 
Eapteyn  has  published  a  paper  of  much  interest,  opoD  the  detenuioa- 
tion  of  relative  stellar  parallax  by  observations  of  the  differences  of 
right  ascension  between  the  selected  star  and  neighboriai;  comparison 
stars  made  with  the  transit  instrnment  and  chronograph.  The  compar- 
ison stars  are  selected  of  abont  tbe  same  declination  as  the  star  whose 
parallax  is  to  b,e  determined  and  symmetrically  situated  at  slightly 
greater  and  less  declinations.  The  differences  of  right  ascension  and 
of  magnitude  should  be  small.  Special  precautions  are  taken  to  elimi- 
nate all  ordinary  instrumental  errors,  particularly  the  error  of  clock 
late,  which  has  an  important  effect. 

The  following  are  the  results  published  by  Prof.  Kapteyn.  The  prob- 
able error  given  in  each  case  is  not  far  ftx>m  ±0."03: 


Sur. 

PinUai. 

BonnVIIlM 

+0 

428 

105 

IM 

m 

030 

111.... 

OK 

113.-.- 

IM 

lU 

ou 

IIB 

-to 

0B6 

Bonn  VII ai .... 

*  Ot*k  U^Drit. 
Bonn  VII  85  .... 
30  Leo  MiDorit. . 
Bonn  VII  88.... 
BonnVIIM.... 
BonnTngS.... 
Lai.  lOOTO 


ParaUax  of  9  Hercvlis. — Prof.  Leavenworth  has  found  a  parallax  of 
-f0."060  ±0."014  firom  his  own  observations  of  this  star;  and  from  a 
scries  of  observations  published  by  Dembowski  in  his  "  Double  Star 
Observations,"  +0."030  ±0."01fl. 

Parallax  of  P  Ursa  Majorts. — Dr.  Franz  finds  from  heliometer  ob- 
Mrvations  of  this  star  at  Konigsberg  from  1883  to  1890  a  parallax  of 

D.D.t.zea  by  Google 
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+0."10  -mtb  a  probable  error  of  O."01.  Ab  the  aannal  proper  motioD 
ia  3",  tbis  parallax  impliea  that  the  star  is  moving  throogh  space  at  a 
rate  of  88  miles  a  secoud.  I>r.  Frsoz's  resnlt  is  considerably  smaller 
than  that  obtained  by  Prof.  Geelmnyden  from  transit  observations, 
n-=0."27  from  differences  of  right  ascension,  and  0,"24  from  diflerences 
of  declination. 

DOUBLE  AST)  MULTIPLE  STABS. 

Oor^s  catalogue  of  binary  stars. — Xr.  Gore  has  compilf'd  a  usefiil 
catalogue  of  binary  stars,  for  whieli  orbits  have  been  computed,  giving, 
besides  the  elements,  date  of  computation,  etc.,  the  niaguitades,  colors, 
spectra,  hypothetical  parallax,  observed  parallax,  relative  brightnesA, 
and  tbe  constants  A  and  B  for  use  in  Mr.  Bambaut's  method  of  com- 
pating  the  parallax  from  the  orbital  motion  of  tbe  star  in  the  line  of 
sight.  The  more  recent  measares  are  given  in  a  series  of  notes.  Tbe 
catalogue  was  originally  communicated  t«  the  Royal  Irish  Academy,  in 
June,  1890,  and  has  been  reprinted  from  the  Proceedings. 

Prof.  Asaph  Hall  has  madeafurtherdiscussion  of  the  relative  motioD 
of  the  two  compouents  of  61  Gygni  and  the  question  whether  there  is 
anything  in  the  nature  of  a  physical  connection  between  the  two.  His 
conclusion  is  in  favor  of  sach  connection,  bat  although  accurate  obser- 
vations of  the  mutnal  distances  and  angles  of  position  date  from  IS25, 
and  Prof.  Hall  includes  in  the  discussion  those  made  by  himself  up  to 
1891,  it  is  not  possible  to  reach  any  result  with  regard  to  the  period  of 
revolution,  except  that  it  is  long. 

Two  lists  of  double  stars  discovered  by  Mr.  Burnham,  most  of  them 
with  the  36-tnch  refractor,  have  appeared  daring  1892,  bringing  Hi. 
Burubam's  double  star  discoveries  up  to  12C4.  Most  of  his  measures  are 
of  the  more  difficult  or  interesting  doubles,  a  measurement  of  0".l  being 
apparently  quite  a  simple  matter.  Mr.  Burnham  baa  also  published  a 
number  of  investigations  of  double  star  orbits,  and  collected  hsts  of 


Among  lists  of  recently  published  measures  of  double  stars  shoold 
be  mentioned  the  series  of  observations  of  950  stars  by  Prof.  Hall  made 
from  1880  to  1891,  with  the  26-inch  equatorial,  of  the  United  States 
l!faval  Observatory.  With  retbrence  to  the  reduction  and  discussion 
of  double  star  measures.  Prof.  Hall  says:  "The  formulie  and  corrections 
for  personal  equation  of  observation  seem  to  me  ofdoubtfol  utility,  and 
a  better  way  is  to  compare  the  measurements  of  the  same  star  bj 
diflerent  observers. " 

Discovery  of  double  stars  by  means  of  their  spectra. — In  the  revie» 
of  astronomy  for  1889-'90  attention  was  called  to  Prof.  E.  C.  Picker- 
ing's discovery  of  the  duplicity  of  C  Ursae  Mt«oris  and  /J  Anri(t» 
througfa  i>ecnlaritifl8  in  their  spectra  which  indicated  differences  in  the 
■s  of  supposed  components.  Cticwic 
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Prof.  Pickt-riiig  Ii»m  morn  recently  calletl  utteiitiou  to  another 
interesting  cla..s8  of  "iiivisibledouble  stars,"  detected  in  a  somewhat 
similar  way  by  peculiarities  in  their speitra. 

Of  many  doable  stars  the  brighter  eom)Minent  is  red  or  yellow,  while 
the  fainter  comiwnent  is  green  or  blue.  The  spectroscope  shows  that 
this  ia  due  to  the  fact  that  the  spe<-tnim  of  the  brighter  coiniwnent  is  of 
the  second  type,  like  our  sun,  while  the  s{)ectrum  of  tlie  fainter  eoinpo- 
ueut  is  of  the  first  type,  traversinl  by  strongly  marked  hydrogen  lines. 
If  the  stars  are  near  together  the  s))ectnim  of  the  combined  light  re- 
sembles thut  of  the  sun,  e.\cept  that  the  hydrogen  lines  are  all  strong. 
Stars  like  (i  Cygni  give  sueh  a  -spectrum,  but  the  components  iire  so  far 
apart  that  the  separation  of  their  s]>ectra  i.s  clearly  shown.  Several 
Htars  hitherto  supitosed  to  be  single  have  )H-en  fonnd  whose  Hiie<-truiu 
is  of  the  elHss  dcscril>ed  above,  nnd  the  questiou  arises  whether  they 
may  not  really  be  double  with  i-omi>onents  so  close  thitt  they  can  not  be 
separtite*!  by  ordinary  means.  In  the  detailed  i>\amtuati<nt  of  the  spec- 
tra of  the  brighttsr  stars  made  by  Miss  Maury  upon  the  Harvard  photo- 
graphs, stars  occupying  all  iutcnnediate  grades  from  the  first  to  the 
second  type  have  been  found,  and  it  is  difficult  to  determine  whether 
there  are  really  two  spectra  or  merely  changes  in  the  spectram  of ;»  sin- 
gle star  due  to  jdiysical  causes.  Upon  the  hypothesis  of  duplicity  tlie 
hydrogen  lines  would  probably  show  a  perio<lic  displacement,  and  in 
fact  an  examination  of  four  photographs  of  the  spectrum  of  Procyou 
does  show  a  displacement  of  the  lines  which,  if  the  phenomenon  is  due 
to  the  relative  movement  of  a  faint  component,  would  seem  to  indi<!ate 
thai  it  is  receding  at  the  rate  of  20  kilometers  }>er  second  as  compared 
vith  the  bright  eomi>ouent.  The  evidenc*-  of  duplicity  is  not  con- 
sidered conclusive  by  I'rof.  Pickering,  but,  from  an  examination  of  ten 
other  stars  having  a  similar  comi>osite  si>ectrum,  five  are  well-known 
doubles,  two  have  distant  conipanion.<i,  leaving  three,  r  Persei, 
C  Aurigie,  and  i^  Bagittarii,  which  it  would  sct-m  from  the  above  consid- 
erations may  possibly  be  double. 

VAItlAnLE   STARS. 

.1/30/. — Mr.  Chandler  has  published  the  results  of  an  interesting 
iuvt'stigution  of  the  variable  star  Algol,  the  ijonodieity  of  which  ap- 
jwars  tti  have  bii-n  first  discovered  by  (loodrickc,  at  York,  in  17«2;  and 
the  exjdanation  suggested  by  him  of  the  periodic  dinunution  of  the 
brightness,  that  it  is  prmluced  by  the  interimsition  of  an  opai|ne  sat- 
ellite, is  now  generally  accepted,  confirmed  as  it  has  recently  been,  by 
tlie  investigations  of  I'rof.  Vogel.  Mr.  Chandler,  alter  an  elaborate 
investigation  of  the  iue(|ualities  in  the  jieriod.aud  also  of  the  irregulai-ity 
in  the  observed  projier  motion  of  ^Mgol,  has  found  that  they  may  be 
satisfactorily  accounted  for  by  supposing  that  both  -Vlgol  itself  and  the 
satellite  which  levolves  ronn<l  it  in  about  U  days  2U.H  hours  have  a 
^nimon  revolution  n>und  a  third,  lar^c,  distant  aud'  oiKKpit^  l>dtiyj  Ijo  a 
H.  Mis.  114 44 


(li'O  P&-t;RE;<i   OF    A^TEOSOMy    FOR    1891    A5I»   IMO. 

|h>vi>hI  itf  aUwi  IV  yr^drs.    The  fdK«  of  TiiiK  ctrbii  anaad  tbc  rt 
it-iiliT  of  gravity  i>  j)!<oat  t^joal  to  that  of  rramv  an«sd  tke  mi 
Tito  )>)aiii'  i>f  Xhf  vt}<x  is  iu-liiM^  aboDt  'JO'  tt>  onr  line  <i(  xikmb. 

S*-Mi-wl  i;-.l<f*-s;:Ti5  <%!?<«  of  vaiiaWliTy  hav*-  l>eeii  dM<«ml  i 
o\(M)iud;>i'r  x\f  Jbr  jOn*t«>sr»l>lis  <if  sT<^ll»r  «j>«H;fTa  »t  ibe  Harrard  <1 
■M'i*;»!.ii\  a'.;  >.--■»  ii:;:  ilif  bripiil  ii.vdniceu  line*':  tiie  t-haat^ id  bti^l 
)l<^'«'  <r\t>firt;  :  j:  T«  <>  ■:u^niiiad^&  The  dire(4or  <if  tbr  &inanl  Oi»H 
\~):t\«\  hjiN  >\t'.'i^  IVt  ilircia-peratiimof  aRtroimnMircin-oridadvitktHl 
vkA^tw*.*!  EV"iT'rj>:r  }««»>r  ami  not  otht-nrise  eiijwpt^ftr  tfceobwi^ 
(>»M>  .\t  *  1  vi  .\f  j«4t;M<y-n  <-iix-iimiKilaT  vaiiablep  tif  Imtp  -ptwioA.  Ti 
Hii-;)><vN  io  :«'  i.<'l.>vi^i  ^ircM'i  forth  in  a  cirrjiliu-  iAHwd  Inriteatafm 
l\w\i  *■  o,  *ort-s.v;'-V  ii>  ;iU  who  are  iuter«^t«d. 

X.*-*  tf-Mt — t»iM'iii'ilK-  iiH>M remarkable ontbOTHtfi nf  — arwstar*' 
,M  -..-•«■  1:  »:  ^.*sr\vr  Nfurw^ordt^.  ofinuT«d  dnrinptWTnftM-I*;- 
A  J.!  .•:v.nr:'.iir.  oi  linaMc  interest  is  tbat  it  afforded  an  iq^wmaHtr  4 
\ivA\  \-::->\t^  .11 -,<r>'M<(}  it?4iMtx>iiii<'a]  a|t]iaratDR. 

»»)!  >'.  ;v«»r>  1,  !"*■.<:.  «ii  aitoi],VTiKia»i  pfyatal  card  wiw;  rtHHsrvd  al  tbi 
ii\\\*;iV\Ni;  V)ii..i\,  riiinlmrph-amMwutciiip  the  iirettenoe  «t  ■  ivtw^a 
\n  \\<-  .N^:>vi(shi;i.>:!  Anri^ra.  It  mbseqn^Dtly  tarm^nui  tlial Hm- di*- 
iMXcjvfl  *  »!.  IM,  1  l>iiiiias  A,  ADderpon.  an  ajnateur  a»Crfm«iiiMir  Urm^  Bi 
t<i.ii!>iir4tk.iVu1  ib(  o:-<v»eT)  bad  be<eii  made  by  the  btil}' nf  a  •tCar^U' 
«!■.)  *  v:,.!i:;  j«.v  kci  irb-MC^K--  ai)d  that  the  tttar  had  >kh*ii  w««ni  fcj  hia 
t.M  >m>t>ir.'.  ^\'y-,v.t•\  ).in-ti.Ffl>n}aryl;  itwa*of  atmolTbe-fifrb  uinciuBMr. 
Ill  ibf  t.;-v]  .i:isi>Tvu;ii>'i^  ut  E'biiboi^  it  vasfiTHUid  In  )>f  4il  a  n4k^ 
Inn  m  .i  !t;i....]  ■;:.(■  si\ib  ma^iiiiDde.  its  p((SJti<oi  for  IsJt'  kmhi^  npfci 
;i>h'.>i>s>,.ii  :>'  i'."."  .''■:  .bvbiiaiion  +-S(i=  '2\'.  V«ry  fnrtmiawih-  vr«Me: 
:>ii.  ^''''■■'*.  ^vIi^oT  i^i>  r»vii'ii  bud  lte*o  m»d*ft»r«raiif' tjine  tir  IVi 
Th  kt  IV-  ii»\  :i'<-  11hjmu>3  <Mtr4,'rvaiiitrr.  ai>d  tbe  .Vrifo  vae  in  iara  i«B>d 
V.iti  ixi-Ihxt  i.b.>i,ii;'rai'lii'il  I'l.  ibirttieD  j'latie-; l*t«fn iMTWflaD  Iketonmhi 
ItV  IN-)),  H1-.I  .i-ii:iinr>  ::><u  1H<'-';  itfaile  it  dnef:  imt  qipeMriQtnn  a  }te» 
i.iKi  11  ;il  H.  ■.!.  ;;^v;.  I'Ti  K-cciiilieT  8.  irhk-h  shft^*-  fltarv  dnwu  ■»  ite 
iiii,.Ii  ir.i.Jti:ini>;i'.  '!  I.f  ciTNiirst,  at  kas!  alM-v*  tbe  ninth  iiuifniinB& 
xi-i'i,  V  ;i'i'ivii>i>,  :■■  ■■»■  ]i;i-"Ty  iiell  ±i\ed  Wrw^fHi  I>ttwni)>ai  >  and  1*. 

llro  N.^XH  voii..i.i.f.i  <if  ;i"'  loiinli  MI  fifth  mafmrtDdetiD  tbe  end  « 
V'>'1m'»;i.\.  i'.hi:  .1.i^:.Msbfi^  M>!i>esba;i  rajnidly, aud t^'^lM-^nd (d Msrti 
It  "ft  »>  ol   \\n-  l"-i  l.lli  !.■  f.inr;<fiiil)  jnaimiTocle. 

1«  Auciivi  :i  11115.  n^aiii  eii-.iiy  T-ipjble-  Ai  ibe  Lict  nbtwn-vuniT  i: 
W:ix*MiT<i  t<x  Iv  .'t  111 ,".  iiiHi:i  iiO'ie  on  .%iipn?;T  3T,  and  ti^nii  Anpns 
I'.V  :\t.H  I'm  1 1ll]  iliti  !ii;.).n>Ti>  ill  l.r;;;Ltiies-  baT*  mvnirred. 

Ili/i  vjvsinim  «*-.■(  tin- p'eai^-^i  iuiereNt,  Tbe  (*bit<f  ciuutwiaBrKaK 
WHS  a  I't  ''..f.  I  j»n.i>  .>!  brniM.  lnf.»i]  line;*.  antiDd*^  bi  durk  pflnqiaii 
t.>iiv  ,111  1  ini  in.iii-  vi-iiuiii'iiiie  >.tilev,  y^roe^'ln^  fiiMir  d«>iiiito  wen  tbrn. 
.<.>.!. '.I.  .1  <i  k   Ikk'V  ;:',.>>  :  i;  ilie  t'TViad.  brip'hi  baiids.  uid  IitijiIii  1um» 

•"-tkili^   tl.i    .iilik  .SM.,ji!i::ii.llr». 
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Three  lines  have  attractetl  more  eHpeoial  attentiou  on  aceonnt  of  their 
oitiinate  connection  with  the  susjtected  physical  constitution  of  the 
jtar.  "  These  are  (1 )  the  bright-green  line  near  64.  and  the  less  refran- 
gible edge  of  the  hydrocarbon  band ;  (2)  the  line  near  the  chief 
nebnlar  line  A0O06,  and  (3)  the  line  near  the  pair  of  chromospheric 
lines  A4933  and  A4921.  When  the  wave  length  of  these  lines,  as  (jaoted 
by  the  observers,  are  corrected  for  motion  in  the  tine  of  sight,  and 
arranged  in  a  table,  the  mean  valne-s  come  out  very  cIobc  to  the  wave 
lengths  of  three  notable  pairs  of  solar  chromospheric  lines;  n'bile  mag- 
nesium and  the  hydrocai-bons,  as  possible  origins  of  line  (1),  are  ex- 
chuled  by  tiie  absence  from  the  lists  of  their  inseparable  companion 
lines  and  Untings. 

Line  (2)  is  claimed  by  fonr  observers  for  the  chief  nebnlar  line,  but 
the  weight  of  evidence  seems  to  be  against  its  nebular  origin,  and  the 
outburst  would  seem  t«  be  a  vast  ebromospheric  disturbance,  a  view 
confirmed  by  Dr.  Iluggins'  observation  of  the  complete  series  of  bright 
hydrogen  lines  in  the  ultra-violet — the  same  that  Hale  and  Deslandres 
fonnd  iu  the  solar  chromosphere — but  each  with  its  dark  companion. 

An  interesting  article  advocating  the  meteoric  theory  in  esplanation 
of  the  outburst  is  given  by  Prof  Loekyer  in  Volume  31  of  the  Nine- 
teenth Century.  The  chromospheric  theory  of  tlie  near  approach  of 
two  stars  is  given  by  Dr.  Iluggins  in  the  June  number,  iS92,  of  the 
Fortnightly  Review ;  Seeliger's  modification  of  the  met^ric  theory  is 
translated  in  Astronomy  and  Astr()i>liy8ic8  for  December,  and  a  siiigle- 
Btar  chiomospheric  th<'ory  is  offered  by  Sidgreaves  in  the  October 
number  of  the  Observatory, 

8TF,LLAB  SPECTRA. 

Ih-aper  catalogue  of  Htellar  spectra. — Volume  27  of  the  Harvard  An- 
nals coDtaf  ns  a  catalogue  of  the  photographic  spectra  of  more  than  ten 
thousand  stars  north  of  25<^  south  declination.  The  photographs  wei-e 
taken  with  en  8-inch  Voigtliinder  lens,  in  front  of  which  wa^  placed  a 
prism  8  inches  square,  with  a  refracting  angle  of  13°.  The  edge  of  this 
prism  was  so  fixed  that  the  star's  light  was  dispersed  in  declination,  the 
length  of  the  sp^'ctrum  being  about  a  centimeter,  and  the  star  being 
alloweil  to  trail  slightly  gave  the  spectrum  a  width  of  about  a  millimeter. 
Each  plate  covered  10"^  square  and  the  spectra  of  all  stars  to  the  sixth 
magnitude  were  jthotographed.  The  spectra  are  divided,  for  conveni- 
ence, into  a  large  number  of  classes — A  BCD  indicating  varieties  of  the 
ftrst  type;  E  to  L,  varieties  of  the  second  type;  M,  the  third  type;  N, 
the  fourth  type;  and  O  P  Q  spectra  that  do  not  resemble  any  of  the 
preceiiing  types.  One  of  the  most  important  features  of  the  work  is 
the  method  by  which  photographic  magnitudes  have  been  assigned. 
"  The  quantity  measured  iu  each  case  is  the  intensity  of  the  apectrrim 
in  the  vicinity  of  the  <J  line.  Accordingly,  when  stars  having  different 
Npectra  are  compared,  the  results  will  not  be  the  same  as  if  the  entire 
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ligbt  of  the  stars  were  uieasured.  In  tLe  liitter  case,  tUe  rcsnltb  wilt 
ditl'er  with  the  color  of  the  star,  according  to  the  method  of  measure 
meut  employed.  This  is  a  serious  defect  in  the  me^isiircs  of  the  brif;lit  ■ 
ness  of  the  t<tars  in  catalogues  hitlierto  published.  Since  the  present 
u I ea!«ure.s  relate  to  rays  of  a  siugle  wave-length,  the  same  result  tthoiilil 
be  obtained  whether  the  method  of  comparison  was  by  the  photographic 
]ilate,  the  eye,  or  the  thermopile." 

The  Draper  catalogue  gives  the  ajiproximate  posit  ions  of  the  stars  for 
the  year  1900.  with  their  reference  numbers  in  tlie  Bonn  Unrchmusterung 
and  the  Harvard  Photometry;  their  class  of  spectrum  by  letters;  their 
photographic  magnitudes  and  the  differences  of  these  from  the  inagni 
tndes  of  the  Durclimnstenmg,  the  Argentine  (icneral  Catalogne  and 
the  Harvard  Photometry.  A  well  arraugeil  table  gives  the  details  of 
the  meaijures  of  magnitude  on  the  various  plates  on  which  each  star 
api)enrs.  The  whole  sky  U>  25°  south  declination  was  photographed 
twice  with  plates  overlapping. 

Volume  26,  part  1,  of  the  Harvard  Auuals  gives  additional  detail* 
res|)ecting  the  photographs,  their  measurement  and  reduction  not  con- 
veniently included  in  the  catalogue  volume  itselt^— a  complete  historv 
of  the  Draper  Memorial.  A  point  brought  out  in  the  various  matters 
discussed  in  this  volume  is  the  predominance  of  the  first  tyi>e  speitra 
in  the  Milky  Way  elsewhere  ntfened  to,  and  the  systematic  undcrvul- 
uiug  of  the  brightness  of  the  Galactic  atars  by  about  onc-tifth  of  a  miig- 
nitude,  by  the  "Durchmusterung"  and  '■  Uranometria  jVjgentina'"  as 
cnmpai-ed  with  tlic  Harvard  photometric  and  photograpldc  magnitudes. 
A  third  volume  is  t4>  follow  devoted  to  the  work  of  the  ri-incb  Drai>er 
telescope  during  the  years  1889  and  189-  and  to  the  discussion  of  stai'x 
of  iteculiar  spi-ctra. 

A  fifth  type  of  ntdlar  spectra. — Prof.  E.  C.  Pickering  has  progiosed  to 

class  in  a  "fifth  type"  stars  whose  spectra  resemble  those  of  the  stare 

discovered  by  Wolf  and  Uayet.     In  general,  his  pbotographic  sun-ey 

has  confinned  Secchi's  fourfold  division  of  stellar  spectra,  but  many 

stars   in  Orion   and   the  neighborhood  differ  considerably  from  tlie 

oniinary  flr.st-type  stars,  the  iiddttional  lines,  instead  of  being  faint  as 

in  Vega,  being  nearly  a.-*  intense  as  the  hydrogen  lines,  while  two 

classes  of  objects,  the  i)lauet.ary  nebuise  and  the  stars,  the  spectra  of 

which  ctmsist  chiefly  of  bright  lines,  are  left  unprovided  for.     Pml'. 

"■  '  oints  out  the  eh»se  similarity  of  the  grouping  of  the  lines  iii 

i-lasses  and  also  the  striking  character  of  their  distribntimi- 

.  of  the  se<;ond  and  third  types  ai-e  abont  efjually  divided 

;  Milky  Way  and  the  regions  remote  from  it.  two-thirds  of 

le  star  lie  in  or  near  the  Milky  Way  and  of  the  Orion  stam 

re  found  in  the  Milky  Way, 

distribution  of  the  planetary  nebulie  has  h»ng  been  nK-og* 
?rof.  Pickering  shows  that,  of  thirty-three  stars  knowu  as 
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the  "  Wnlf-Eiwiet."  or  as  he  siigf<:eHrs  tlie  "  fifth  tji*,"  every  «ne  lies 
within  10°  of  the  Galactic  equat4>r,  two-thiiils  within  2°  of  it. 

a  Virifinia. — Dr.  Vctgel's  more  recent  observittioiis  of  a  ^'irgiiiis  at 
Potstlam  a<;coi-(I  with  his  earlier  observations  of  the  same  star,  show- 
ing that  it  is  a  cIom'  binary.  The  method  of  observation  is  quite 
inteiesting  :  Tlie  speetriim  of  the  star  and  of  ten-estrial  hydrogen  are 
photograplietl  togetlier,  and  the  disphiceinent  of  tlie  star  lines  ou  the 
pliotograph  in  the  neighborhood  of  II  y  \»  afterwards  measured  under 
a  microscope.  Stars  witb  spectia  of  the  second  and  third  types  give 
results  of  considerable  accuracy,  as  the  lines  in  such  stars  are  numer- 
ous and  sharp. 

In  the  ca«e  of  a  Virginis  the  difficulties  of  observation  were  greater, 
the  hydrogen  lines  being  broad  and  ditfnse,  without  any  definite  maxi- 
mum of  intensity,  and  lliere  were  no  distinct  lines  in  the  vicinity  of 
H  ^  to  which  the  measurements  conld  be  referred.  Dr.  Vogel's  meas-- 
urenients  of  twenty-four  photographs  showed  that  tlie  star  lines  were 
displaced  alternately  towunl  the  upper  and  the  hiwer  end  of  the  spcc- 
tmm  in  a  complete  )HTiod  of  about  four  days,  the  maximum  displace- 
ment toward  the  violet  indicating  a  motion  of  the  .itnr  toward  the  sun 
of  65.9  English  miles,  and  thiit  toward  the  red  a  I'cceding  motion  of 
47.5  miles  per  second.  These  observations  are  completely  explained  by 
snpposiug  that  fipUn  is  a  binary  star  having  a  perioi!  of  one  eomi>o- 
nent  about  the  other  or  the  common  center  of  gravity  of  about  4  days, 
(the  orbital  velocity  of  the  larger  component  being  .W.7  miles  per  sec- 
ond) and  that  the  system  is  appraiching  the  sun  at  the  rate  of  9.2 
miles  per  second.  On  the  assumption  of  a  circular  orbit,  equal  mass  of 
the  components,  and  the  ditta  given  by  observation,  the  mass  of  the 
system  is  2.fi  times  tliat  of  the  snn,  and  the  distance  between  the 
components  t),2(!U,000  miles. 

In  commenting  upon  Dr.  Vogel's  worlt  I'rof.  Keeler  says,  "A  won- 
derful picture  of  stellar  motion  is  i)resented  to  our  mind,  and  one  to 
which  the  whole  visible  universe  iis  revealed  to  ns  by  our  greatest  tele- 
scopes oHtrs  no  parallel.  The  si»ectaclc  of  two  great  suns  like  our  own, 
revolving  around  each  other  in  only  four  days,  at  a  distance  no  greater 
than  that  which  separates  the  sixth  satellite  of  Saturn  from  its 
primary,  is  one  which  the  inadequa<'y  of  our  optical  jiowers  will  pi-oba- 
bly  ever  forbid  us  from  actually  beholding,  but  the  indirect  evidence 
that  Rnch  extraordinary  ctrcninstanccs  of  motion  exist  is  so  complete 
tliat  we  must  admit  their  reality," 

0  Avriga; — The  Potsdam  obncrvations  fiirnish  a  t^omplete  confinna- 
tion  of  Prof  Pickering's  discovery  of  the  duplicity  of  this  star.  The 
lines  in  the  spcctrnm  of  the  st;tr  appear  double  on  every  second  day, 
ftnd  the  component,  in  the  line  of  sight,  of  the  motion  of  the  system  can 
amount  to  nearly  150  miles  a  second,  while  the  whole  system  has  a 
motion  relatively  to  the  solar  system  of  —4.03  miles;  that  is,  a  motion 
of  this  amount  per  second  towards  the  solar  system.  CklCjIc 
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C  Umw  MnjoriH. — Tbti  duplicity  of  C  Ursa'  MajoriH  is  not  so  natiafac- 
torily  confirmed.  Tlie  maximum  relative  velocity  of  its  two  com- 
poneuts  seems  to  amouut  to  about  100  miles  per  secoud. 

«  Bootia. — Mr.  Heeler's  recent  measnrps  upon  the  D  line  of  the  B|>ec- 
trnm  of  Arctitrw3  sliow  that  the  velocity  in  the  line  of  sight  is  uot  80 
kitomett-rs  per  second,  the  value  hitherto  accepted,  but  6.4  kilometers, 
which  accordH  with  the  result  obtained  by  Dr.  Yogel.  The  mean  of  the 
iiieiisureR  at  Potsdam  from  Otrtober  5, 1888,  to  May  23, 1890,  is  — T.l 
±  0.;j  kilometers.  The  Lii^k  observations  from  April  20, 1890,  to  Aufrust. 
15, 1890,  give  -C.9  kilometers. 

ASTEOMOMIOAL  PnOTOGEAPHT. 

The  photographic  chart  of  the  sky, — The  third'  meeting  of  the  perma- 
-  nent  committee,  Hp})oitited  bythe  Astrophotograpbic  Congress  at  Paris 
iu  1887,  was  held  at  the  Paris  observatory  from  March  31  to  April  4, 
1892.  Admiral  Mouchez  pre?iided,  the  members  of  the  committee  pres, 
ent  beintr  Batllaud,  Bakhuyzeu,  Beuf,  Christie,  Deuza,  Donner,  Gill- 
Henry  (Paul),  Henry  (ProHjwr),  Janssen,  Kapteyn,  Loewy,  Monchez, 
Pi^jazoi),  Rayet,  Eicco,  Tacchini  and  Tr<?pied.  The  following  astrono- 
mers were  also  present  by  invitation,  Slessrs.  Abney,  Andoyer,  Belo- 
polsky.  Bouquet  de  la  Grye,  Coroa,  Knobel,  Gautier,  Matnrana,  Plum 
nier,  Scheiner,  Tisxerand,  and  Wolf  (C). 

Drs.  Bakhuyzeu  and  Gill  were  electetl  vicc-])resideuts  and  Prof. 
Kapteyn  and  Tr^pied  secretaries. 

Ft-om  reports  of  jirogreas  made  at  different  observatories  the  follovr- 
ing  notes  iudicat«  the  advancement  of  the  work : 

Some  delay  had  been  experienced  in  securing  the  plates  coDtHiniu}! 
the  reference  lines  or  "re»c««,F,"  but  provision  was  finally  made  to 
furnish  tbem  at  an  early  day,  as  well  as  the  photographic  plates  whicli 
it  was  necessary  should  be  of  a  specially  good  quality  of  plate  glass, 

.41;j«i'«.—liiBtrnwent8  ready  and  only  awaiting  t be  plates  and  "rifwair,'' 

Hordeauz. — PLnt[<gra|ibic  iustallation  lina  been  rend.v  Tor  cilioitt  »  ynar;  n  nDmlm 
of  experimeDtal  plioto^Bpha  have  beun  taken  and  the  work  can  commence  as  dooh 
as  a  supply  of  plates  is  secured  with  tlie  uecfHsary  "rrtwii." 

Cape  of  Good  Hope. — Instruraent  practically  ready. 

r<ilanja. — The  instrument  liau  been  completed. 

JirltingfoTt. — Thi'  intttruniout  has  been  ready  for  several  luontlis  anil  a  cooaideral'le 
unmber  orpbutogrophs  have  been  taken. 

La  Plata. — Instmnient  ready. 

Mtlbourne. — lostrunieut  roudy  and  a  nnniber  of  experimental  plates  have  l>c<i> 
secured. 

Cx/ord.— Inst ra men t   ready  anil  a  number  of  plnteH  Hubmittiid  to  the  romniitlf'' 

•  ThefitBtraeitins  of  tlie  committee,  fororgaui/ation.otc.,  wns  held  at  the  tint*  ef 
the  CougresK  in  April  188T,  the  second  lueetingor  tlie  lirKt  ref;nlaTuieetiii)!  fordid 
ciiBsioDS,  in  September,  1S89  (not  1890,  as  stated  by  a  niiaprint  in  the  review  of  A*' 
tifloomy  tot  1889-W).  ,  -■  i 
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Faria. — iDairameut  rnuly. 

Poltdam. — Instrament  read;  «od  auiinibertif  pUtMniibuiiiri'il  tn  tlio  inaiM-t'tioii  of 
tbe  committee. 

Rio  de  Janeiro. — The  pliotographii'  eqiulorinl  b»n  ln-au  receivml  iiuil  will  be 
tuoimted  at  tbi^  dcw  aite  of  the  obHervntnr.v. 

S/ime  (  ratiean). — The  ioHtrnmeut  has  bei'ii  i-nnipletuil. 

San  I'erHaado, — Tlix  JDgtTnineDts  nre  raoiliib'tl  niiil  wurk  run  Iw  beciiii  mi  Huiin  as 
tiimrAeaa  itt  rereiveil, 

Santiago. — The  iDstraraeDt  is  finisheil,  'ml,  owitii;  to  |ioliiiiMl  iliiitiirliutii-ii  in  Chile 
it  in  iiDposBiblft  to  fix  a  da;  for  begiuiiiiig  the  work. 

Sginrjf. — Ready  except  for  tbe  "rieeaa." 

Taeabaifa. — Instniment  readj  aod  a  uiimber  of  experimeutal  jilates  Hiibiuitt«d. 

TuHtoime. — The  iiistraineDt  was  one  of  tbe  first  to  be  moiiuCed;  the  "  r/Mon  "  aod 
pboloicTapbio  plates  lire  only  needed  to  liegin  the  work. 

Following  18  a  snmmary  of  the  resolutions  a«)opted  at  tliis  meeting:: 

(1)  No  change  is  made  ia  the  conditious  of  diHtuiiee  nnd  uiagiiitiiile 
of  the  Htftnt  that  have  foriDo<l  the  diflerent  parts  of  the  catalogue  of 
^ide  stars. 

If,  however,  the  guide  star  of  the  catalogue  is  Dot  bright  enough,  a 
brighter  one  may  be  selected  up  t'>  a  <listaiiee  of  40'  from  tlie  «H-nti'i' 
of  the  plat«. 

(2)  The  "r('«co«"  is  to  be  photographed  upon  each  piiite  by  parallel 
rays  of  light.     (To  replai'e  resolution  1.1  adopted  at  the  meeting  of  1S81).) 

(3)  The  orieutatioD  of  the  plates  in  zones  above  ((.'(O  declination  will 
be  arranged  for  the  equinox  of  IIHH);  for  other  wtars  the  paiallel  will 
be  referred  to  the  apiwreut  equinox. 

(i)  The  work  deei<led  upon  by  the  congress  of  1887  C4imprises  two 
series  of  negatives  made  with  different  exposures.  The  (^omtiiitti^e, 
while  urging  special  activity  in  securing  plat<'.<i  of  shorter  exposure 
(negatives  intended  for  the  catalogue),  would  suggest  that  the  best 
nights  be  also  taken  advantage  of  for  plates  of  longer  exiv)sure  (foi- 
tbe  chart). 

(5)  Ifegatives  from  which  the  catalogue  is  to  l>e  formed  will  have 
two  exposures  for  the  same  plate,  one  showing  faintly  the  hnages  of 
Mtars  of  the  eleventh  magnitude,  the  other  with  an  exposure  twii;e  as 
long,  the  distance  of  the  two  images  being  0.2  to  0.;t  of  a  millimeter. 
(To  replace  resolution  23  of  the  mettting  of  1S8U.) 

(6)  MM.  Abney  and  Cornu  arc  added  to  tint  conimittc^^  on  leproduc- 
tion  of  the  negatives. 

(7)  With  reference  to  the  production  of  the  chart,  purely  photo- 
graphic methods  will  be  used,  to  the  exclusion  of  all  nnnuial  interven- 
tion. 

(8)  For  the  chart  proper  (long  exposures)  a  series  of  negatives  with 
single  exposun'  will  be  taken,  having  an  t-ettn  degree  of  dediimtioii  in 
the  center  of  the  plat^'.     Further  study  will  show  whether  it  is  desir- 
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iible  that  in  tlit>  secuud  series  (tbu.se  with  an  odd  degree  ut  the  center) 
there  should  be  two  or  three  exposures. 

(9)  To  make  it  potisible  to  pass  iiuiformly  aud  with  vertaiDty  from 
Argelander's  ninth  magnitude  t«  the  eleventh  magnitude  desired  for 
the  DCgatives  of  the  photographic  catalogue  there  will  he  distribiUe<l 
among  the  observatories  flue  wire-gauze  screens,  absidulely  identical, 
which,  when  plained  over  the  object  glass  of  the  telescope  will  diminish 
the  magnitnde  of  a  star  by  two  uidts  (adopting  thccoft1icient2,."il21'or 
the  mtio  between  two  consecutive  magnitudes).  Each  observatory  will 
from  time  to  time  make  type  negatives  of  certiiin  specified  regions. 

(10)  The  committee  suggests  forty  minutes  as  tlic  length  of  exposure 
of  thephi  tes  for  the  chart  (the  s<;rics  of  cren  declinution»)  under  the  ordi- 
nary atmospheric  conditions'of  Paris,  and  with  the  Ijumiere  phites  used. 

The  committee  on  metallic  screens  will  furnish  the  Messrs.  Henry  with 
a  screen  with  which  they  will  determine  the  time  t  for  obtaining  the 
eleventh  magnitude  stars  of  Argelander's  scale.  Then  for  each  obser- 
vatory provided  with  an  identical  screen,  the  ratio  4((:twillbethefaitor 
by  which  to  multiply  the  time  of  exposure  necessary  to  secure  satisfac 
tory  images  ef  eleventh  magnitnde  stars,  in  order  to  obtain  the  proper 
exposure  for  the  chart  plates. 

(11)  The  questions  of  the  number  of  i-etference  stars  for  each  nega- 
tive for  the  catalogue,  the  choice  of  the  stars,  and  the  necessary  steps 
to  secure  meridian  observations  are  I'efen-ed  to  a  sjiecial  committee,  coii- 
sisting  of  Messrs.  Augers,  Baklinyzon,  Christie.  Ellery,  Gill,  Kapteyn, 
and  Loewy,  with  t'nll  powers. 

(12)  As  soon  as  convenient  each  observer  will  prepare,  or  will  have 
prepared  by  any  observatory  or  bureau  lie  may  select — 

(fl)  Measures  of  the  position  of  each  star  on  the  catalogue  referred  by 
rectilinear  coordinates  to  the  nearest  lines  of  the  "  n'seaii." 

(6)  Measures  necessary  for  the  iletermination  of  the  stars'  magnitudes. 

The  different  observatories  will  publish  the  separate  results  of  these 
measures  and  the  Permanent  Coniniit  tee  will  undertake  their  reiluctioii 
as  soon  asasnflicientnund>erof  meridian  observations  of  the  reference 
stars  is  at  hand. 

(Ill)  The  work  uiwn  the  chart  will  commence  at  each  observatory  aw 
soon  as  the  metalli<;  screen  reducing  the  stars  by  two  magnitudes  is  re- 
ceived, involving  probably  a  delay  of  two  months.  Eiu-h  observer  may, 
however,  begin  before  receiving  the  screen  if  he  iscontldentthathecHU 
get  all  stais  of  the  eleventh  magnitude  upon  the  catalogue  plates. 

(14)  Without  adopting  a  fonnal  resolution,  the  committee  vrnuld 
recommend  as  a  separate  and  personal  investigation,  tlmt  a  specialseries 
of  negatives  with  long  ez|iosureshemadeof  theregionneartheecliptic. 
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The  I'dllowiiig  (listribiitioii  of  tlie  xones  uuiong  tbt^  ditTeretit  ubscrva- 
tories  wns  tl(>Sniti^'cly  adopted  in  pla^-t-  uf  that  provioiiHly  pnblistied : 


OncDirkh +51    2» 

t.'»i«iiiB +J7    au 


ToutoS»B.;.:;!;;;;;:;;;i^-;;  +«  in 


T«eub«VB lis    H       -1«      -m       1S«" 

I  SiDtiarra I     -*i  W     -n     -as     vMi 

.  LbI'IuU -M    M      — M      -al       1-J«> 

I  R<o<b<Jiin?)ni... -M   w      -3S     -  40      mn 

HvSS^- -'"..... "^;'i ;;!'.*'      ^   W      -■•:•     -ni      li'uo 
HellKmrtii- — 17    :-•      -B5      -TO       ii4li 

(Hi)  Every  year  bt'forct be  eu(ii>i'.Iaiiuar>"»  n-jwrt  uimii  the  profn^eNs 
of  the  work  will  be  made  to  the  bureau  of  tl»*  Fermaneut  Cotniiiittec. 

(17)  The  tliaiiks  of  the  conference  were  voted  for  tlie  eourtesy  of 
the  Aeadetny  of  Sciences  in  printing  tlie  Bulletin,  and  the  hope  was 
expressed  tbat  the  different govemnients  would  provide  the  netesaary 
means  for  the  ohttervations  themnelves  and  for  tlie  publication  of  the 
I'liart. 

The  sixth  fasciculus*  of  the  Bulletin  contains  pui>er9  by  I'rof.  Kap- 
teyn  and  M.  Sautier  on  the  paralla*'tic  micrometer,  an<l  ni>on  photi>- 
grapbie  magnitudes  by  Profs.  Wolf  and  Unner.  The  latter  subject  has 
also  been  discussed  by  l>r.  Sclieiner  in  the  Astronomisrhe  yurJirickten, 
by  Prof.  Pritchard  in  the  Cnmpiea  Benditg,  and  by  Mr.  Christie  in  the 
Monthly  Noticet. 

Photographs  <>/  the  PIcindes. — Kutherford's  photographs  of  the  Plei- 
ades taken  in  1872  and  1874  have  been  selected  for  measurement  by 
Mr.  Jacoby  as  oflering  an  opiwrtunity  for  comparing  the  aeeuiaey  of  the 
|>liotographs  with  that  of  beliometer  and  micrometer  measures.  Each 
plate  contains  two  impressions  of  the  cluster,  both  of  which  were  meas- 
ured. Mr.  Jacoby's  method  consisted  of  measuring  tlie  i>08ition  angle 
and  distance  from  the  star  24  p,  and  he  finds  the  probable  error  of  tlM( 
mean  of  the  twenty  expo-sures  to  be  about  :t  0,"03  in  each  element. 

A  comparison  between  these  pbotograpbic  iilaces  and  the  places 
resulting  from  the  Yale  and  Kiinigsbcrg  heliometers  shows  that  the 
photographs  arc  fully  entitled  to  be  taken  into  consideration  in  making 
a  Hiudy  of  the  proi>er  motions  or  in  forming  a  definitive  catalogue  of 
the  groui>. 

Dr.  Max  Wolf,  of  Heidelberg,  with  n  portrait  lens  of  2^  inches 
aperture,  has  not  only  dis<!0vered  new  nebula;  on  bis  long  exposure  phn- 
tographs,  but  new  minor  planets;  several  mete«n-s  which  <Tosset)  the  field 
left  perfectly  distinct  records. 
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In  a  series  nf  pai>ei'8  in  the  Bulletin  Astronomique  M.  Sclialhof  has  de- 
veloiied  in  an  interesting  way  the  re)atioim  existing  between  the  elements 
of  a  comet'ij  orbit  before  and  after  it  snfferti  perturbation  by  a  planet. 
That  the  periodic  comets  of  our  system  have  been  captured  through  the 
perturbing  action  of  planets  appears  ostablisbed ;  and  Men-ury  has  four 
comets  assigned  to  it,  Venus  uevcn,  tlie  Earth  ten,  Mars  four,  Jupiter 
twenty-three,  Saturn  nine,  Uranus  eight,  Neptune  five,  and  a  further 
group  of  comets  appears  to  give  a  feeble  indicatioti  of  an  ultra- Neptu- 
nian planet  at  a  distance  from  the  sun  of  about  seventy  times  that  of 
the  earth. 

Tlie  search  for  newcomets  has beeu  systematized  by  the  cometary  sec- 
tion of  the  British  Astronomical  Association  under  the  direction  uf  Mr. 
W.  F.  Deuuing.  The  aims  of  this  section  are  to  Kecure  observatious  of 
comets,  to  discover  uew  comets  and  nebula,  to  reeotd  telescopic  me- 
teors, etc.  It  is  intended  to  sweep  the  sky  regularly  for  new  comets,  a 
deflnite  region  being  assigned  toeach  observer  accordiuf;  to  convenience 
aud  (dioice. 

The  following  notes,  relating  chiefly  to  the  comets  of  1891  and  1892, 
will  complete  the  list  of  comets  published  ill  these  "Beports  of  Progress," 
from  1883  to  1892.  It  is  hanlly  necessary  to  remark  that  the  most 
complete  and  authoritative  annual  summary  of  cometary  phenomena  is 
that  published  by  Br.  Kreutz  in  the  Vierteljahrsschri/t  der  Aetronom- 
wehen  QesetUeha/t. 

.The  arrangement  adopted  below  is  the  order  of  perihelion  passage, 
except  in  the  case  of  well-known  periodic  comets,  such  as  Encke's, 
Winnecke's,  etc.,  which  are  arraugul  alphabetically  by  their  recognized 
names.  The  table  of  elements  appended  is  to  be  regarded  as  only 
approximate,  but  is  sufficient  to  furnish  an  idea  of  the  general  fonu 
ami  position  of  the  orbit. 

Comet  Encke:         1     The  return  of  Encke*s  well-known  periodic  comet; 

-=Comet  1891,  III-  ,  flpg^  found  by  Bamard.from  the  cphemeris,  on  Aug- 
ust 1,1891.  It  was  then  exceedingly  faint,  but  in  September  it  had 
increased  to  a  nebulous  mass  of  about  the  sixth  to  seventh  magnitude. 
The  comet  was  unfavorably  situated  for  obseivation  after  the  end  of 
September,  the  last  observation  reported  being  Otrtober  11.  It  is  note- 
worthy that  its  path  at  this  i-etiirn  was  almost  the  same  as  in  the  retorn 
of  ISAS,  and  a  com]iaris(ui  of  the  brightness  on  these  two  occasions 
would  seem  to  indii^ate  that  it  has  not  undergone  any  material  change 
in  physical  condition  during  the  interval. 

Vomet  Tempel, — Tempcl's  first  periodic  comet,  and  of  rather  unusn^ 
interest,  was  unfortunately  missed  at  its  return  in  1892,  being  un£aTor- 

hly  situated  for  observation. 

omet  Tempeli-Swift :  This  periodic  comet  returns  to  th?  son 

=Comet  1891  V. |  once  in  every  live  and  a  half  years,  but  uu- 
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der  conditions  alternatvly  favorable  and  unfavorable  for  observatiou. 
It  was  originally  iliaci>ven-d  by  Teiu[>el  in  18(>!),  vnn  pit^ked  uji  again  in 
188<I  by  Swift,  and  again  upon  this  return  by  Barnard.  At  its  inter- 
mediate returns  in  1875  and  1885  it  was  so  Hitaated  with  reference  to 
tLe  earth  and  aun  as  to  have  been  entirely  invisible.  A  very  carefully 
(irepared  ejihemeria  by  Bosttert,  taking  account  of  the  perturbations 
from  1KS4>,  enabled  BarDard  to  lind  the  comet  on  September  27, 1891, 
itud  it  waH  independently  found  by  DenDing  at  Bristol  on  September 
■iO.  It  was  described  as  a  faint,  shai>eless  nebulosity,  with  slight  con- 
densation atxmt  the  center,  but  even  at  its  brightest,  towards  the  end 
of  November,  it  was  a  difficult  object  for  precise  observation,  a  fjict 
all  the  more  to  be  regretted  as  its  position  would  render  it  of  especial 
value  for  the  determination  of  the  distance  of  the  sun. 

Comet  Winnecke:  Winnecke'swell-knowDperiodiccomct was  picked 
=<.'(.niet  1X0-2 IV.  ■  yp  j,t  fhis  retum,  through  the  help  of  von  Uaerdtl's 
ephemeris,  by  Spitaler  at  Vienna  on  Man-h  18, 1892;  it  was  then  an 
exceedingly  faint  and  small  nebulous  mass  with  stellar  nucleus  of  the 
sixteenth  magnitude.  It  increased  in  brightness  towards  i^eribelion 
(on  June  3U),  and  after  perihelion  was  observed  in  the  southern  bem- 
is|>here  till  the  end  of  Se|)tember. 

Ooniet  lAHIi  IV,*  which  was  discovei-ed  by  Brooks  on  May  22, 1886, 
wa.s  expected  to  make  its  lirst  return  to  perihelion  in  the  latter  part  of 
1892,  but  was  not  found.    The  orbit  is  somewhat  aucertaiu. 

Comet  1889  V. — To  quote  ftxtm  the  first  of  a  aeries  of  masterly  papers 
on  the  orbit  published  by  Mr.  Chandler  in  the  Astnmomical  Journal: 
"The  vicissitudes  in  the  history  of  this  comet  give  it  an  interest 
exceeded,  perhaps,  by  no  otlier  in  astronomical  annals;  and  the  settle- 
ment of  the  problems  connected  therewith  promises  to  illuminate  oar 
knowledge  of  cometary  mechanics  in  various  important  particulars. 

While  the  manner  in  which  the  comet  became  separated  into  several 
parts,  by  its  encounter  with  Jupiter  in  188tt,  may  possibly  require  for 
its  precise  ex^iositiiin  the  observations  which  will  be  obtained  at  the 
nest  appearance  in  1890.  we  may  hoi*  for  "»  approximate  answer  in 
the  careful  discussion  of  those  made  in  1889  alone.    .    . 

To  biggin  with,  it  is  neccsHary  to  notice  some  of  the  physical  phe- 
iiiiniena  presented  by  the  coni])anions.  The  notation  used  will  be  the 
letters  assigned  by  Barnard,  H  V  J)  and  E  in  order  of  tbe  distances 
from  the  main  comet  A.  As  is  known,  li  and  0  were  detected  by  him 
oil  AngOKt  I,  with  the  12-inch,  J>  and  i'on  August  4,  with  the  3fi-inch. 
It  is  desirable  to  remark  here  that  the  reason  for  their  not  having  been 
discovered  in  the  previims  mouth,  on  July  8,  9  and  10,  can  not  have 
heen  superposition  by  perspective,  at  least  in  the  case  of  V  and  the 
more  distant  companions;   for  the  orbit  of  r     .     .  shows  that 
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sHcli  siipeppositioii  occurred  two  moutlis  iiievkius  to  discovery  of  A 
by  IJi-ooks,  aud  gives  for  July  8  li  tUstiuice  of  1!M>"  at  62^.5  jtuBitiou 
angle.  Tliat  the  coinpaiiious  were  not  seen  in  July,  may  be  naturally 
ascribed  to  interference  of  uioonliglit  up  to  about  July  20,  and  after 
tlint  eitber  to  tlie  fact  tbat  the  attcutioii  of  observers  was  uot  Huffi- 
ciently  directed  to  tbe  pbeuomeuon.  or  to  the  fact  that  the  objects  hwi 
not  yet  become  bright  enouf^h  to  be  easily  discernible.  We  bave  the 
evidence  of  Spitaler  that  on  July  30  and  31  nothing  abnormal  vas 
noticed  with  the  27  ineh;  the  slight  elongation  on  thosi-  dates,  seen  by 
bim  in  A  having  no  relation  to  the  matter  in  band.  Two  nights 
after,  at  the  time  of  discovery,  Barnai'd  estimated  the  brightness  of  C 
at  abotit  oiie-tifbh  that  of -.4.  It  tlien  gradually  increased  in  brilliancy, 
also  becoming  less  diffused  and  developing  a  strong  condensation  and 
nucleus,  until  at  the  end  of  August  it  was  actually  brighter  than  A  al- 
thongh  only  one-third  its  size.  In  early  September  it  was  about  wjual 
in  brightness  to  A  but  from  the  middle  of  that  month  faded,  and  be- 
came larger  and  more  diffiise  until  it  disap|>eared,  lute  in  November. 
The  faint  nucleus  of  B,  in  the  beginning  ai)pears  to  have  been  a  liltli^ 
brighter  than  that  of  (',  and  its  coma  smaller  and  less  diffused.  About 
the  middle  of  Angutst  it  bad  grown  to  be  larger  and  fainter  than  ;)t 
tirst,  later  more  rapidly  so,  being  excessively  difficult  to  see  or  ineasuic 
in  the  first  few  days  of  September,  and  invisible  immediately  there- 
after. />  and  E  were  measured  only  on  the  night  of  <liscovery.  and 
were  seen  only  at  rare  interval.'*  until  the  last  time  on  August  2!). 

Hnch,  briefly  described,  are  the  main  features  as  to  brightness  and 

visibility  of  these  objects.     1  beg  courteously  to  dissent  fiimi  the  view 

which  has  been  confidently  expressed,  that  the  diffusion  and  disapi)ear- 

ance  of  B,  while  it  was  theurefically  increasing  in  i>rightnet!S,  indicate 

'that  it  actually  dissipated  itself  into  space  ami  absolutely  ceased  to 

exist,  if  indeed  it  were  not  absorbed  into  the  main  comet.'    Such  a  coi) 

elusion  is  iidierently  impntbablo,  unwarranted  by  any  knowledge  wf 

possess  as  to  the  process  of  cometary  light  development,  and  cxnttra 

dieted  by  inferences  drawn  from  other  cases,  of  which  oidy  tbe  uiost 

analagons  need  be  riled,  namely,  that  of  tbe  two  nuclei  of  Biela's  comer, 

the  capricious  action  of  which  affords  a  strict  cintnterpart  to  tbe  present 

instance.     It  will  be  recollected  that  fitful  alternations  of  visibilifj' 

1840,  and  espetaally  ia  1852,  when  they  repeated  tbeu^selves 

I  day  to  day.    The  two  companions  were  not  habitually  seeit 

:  time,  but  sometimes  one,  sometimes  the  other;  so  that  uh- 

Id  not  tell  which  they  were  looking  at,  without  couiparisco 

hemeris.    Thus,  in  the  space  of  one  week,  for  example,  18i»2, 

l.T  to  22,  both  nuclei  were  visible,  then  only  the  soutbem, 

be  northern,  then  both  together;  again  only  the  soatbent. 

,  only  the  northern,  on  successive  nights,  respectively. 

p  addetl  that  there  appears  to  be  little  reason  for  iuteil>tet- 

nnarkable  variations  of  brilliancy  as  standing  in  anv  rflii 

[•t  with  cause  which  pnxluced  the  disrnpfioii,  eitber  in  Hi'" 
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la's  couiet  or  iu  188y  V ;  but  inueli  ukhc  tor  siipposiug  that  .similar  Iw- 
liiiviar  may  be  common,  in  greater  or  less  de^^ive.  esw^aping  attention 
ordinarily  from  tlie  difticiilty  of  pliotoinvtrie  eomjmrisons  in  the  ciiseof 
isolated  comets,  but  easily  attractiiit!:  the  eje,  by  contrast,  whi-n  two 
objects  ueiirly  alike  are  in  the  same  tiHd." 

Mr.  Chandler's  discussion  of  the  orbits  of  these  comjianions  estaltlislies 
the  important  projioeition  that  the  force  wnicli  leil  to  the  separation  of 
the  components  A  and  <;,  whatever  its  nature,  operated  ia  the  plane  of 
ilie  comet's  orbit,  and  prodneed  noehanpein  thatplaneorin  the  form  of 
tlio  conic  section,  but  only  in  its  nixe,  and  in  the  diret'tion  of  its  major 
axis.  With  reference,  to  the  identity  with  Ix'xcil's  comet,  Mr.  Chandler 
see.t  no  sufficient  reawon  in  the  difiereneos  of  the  jterioil  of  revolution 
(28.1H  years,  accordiuf;  to  Mr.  Poor,  instead  of  27  years)  to  reject  the 
^apposition;  it  is  necessary  to  carry  the  computation  of  the  i)ertnrba- 
lions  a  little  farther  back. 

Comet  l.S!K)  II.— The  la.-it  observation  in  IUHl  was  on  May  lit  by  Spit - 
iilcr  at  Vienna;  but  it  was  njiain  favorably  situated  in  January  and 
Febrnary.  lHfl2,  and  was  observed  at.  Nice  up  to  February  4,  t8!t2. 

Cornet  ISiH  I;  Diseovei-ed  by  Hainard  at  the  Lick  Observatory  on 

^toiu.-taifi!U.  ManOi  20, 18!H,and  independently  by  Denning  at 
Bristol  r»n  March  :tO.  It  was  <iiiitv  bright,  teuth  to  eleventh  magnitude, 
about  1'  in  diameter  and  with  a  tail  1(V  to  3W  long.  At  tlie  time  of  dis- 
iwery  its  ])osition  was  n=l"»<^,  S^  +  iii^;  it  moved  rapidly  south, 
increasing  in  brilliancy,  and  was  firhowcd  after  ix-rihelion  till  July,  tlie 
last  observation  having  apparently  Ihi-u  obtained  at  Cordoba  on  July 

Cornet  IriMl  II:  I'irst  delected  n|>on  this  its  second  api>earani'e  by 

^(■ora,>t  h  i»yi.  :  .S|iitaler,  of  \ienna,  on  May  1,  1801,  ind  by  Bar- 
^(■«nii>t  ixM  IJI.  nard  on  May  3,  its  imsition  dgnuui,  ilosely  with 
-Wolfs  eomot.  ,  ,|jy  ephcmeris.  It  was  at  first  small  and  faint, 
hut  in  August  it  had  a  bright  nucleus  of  the  ele\euth  magnitude,  with 
tiima  of  y  to  4' diameter:  it  decreased  in  l^riglltne^s  aguii  after  the 
ttiiildle  of  October,  but  was  observed  till  Mareh  31,  ISOJ  I  irly  iu 
Sejitembcr  the  comet  i»asscd  over  the  group  of  the  Pleiades,  and  the 
lin-unisliinee  ^as  taken  advantage  of  by  a  numl>er  of  astronomers  to 
iletennine  whether  the  light  from  these  stars  underwent  any  refraction 
ill  |)asHing  through  the  material  of  which  the  comet  was  coiu]iosed. 
Tlie  results  obtained  wen-  for  the  most  part  negative,  with  the  possible 
I'xcejition  of  an  observation  by  Bnrnhain  on  September  li,  when  the 
diil'eivnee  of  de4rliuatioii  Iwtwecn  '21  and  T2  Ast«ro])e  seemed  to  show 
Konie  change  as  the  conu't  jiassed  over  them. 

TluMirbit  of  this  eoinet  may  bring  it  at  times  close  to  Jupiter,  and 
iiiileeii  the  perturliatn>iis  by  that  planet  in  1875  were  so  great  that  an 
altof;ellicr  new  orbit  ri^sulted.  The  period  of  revolution  is  about  six 
awl  three-fourths  years. 
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Comtt   18!U    III:  >Ve  lomct  Kiiuke. 

Comet  mm   IV:  A  tclesi-opio  wmtet  <tf  th<- twelflli  iiiagnitnde,  Uis 

^Cornet  C1H9I.  covered  by  Biirnanl  at  Hie  Lu-k  Observatory  on 

Octotjer  2,  1891.  At  tlie  time  of  diset)very  it  was  hi  the  riiDstellatiim 
Ar}^;  it  moved  farther  south  aitd  wan  not  iseeu  at  all  in  the  northern 
liemisphere  except  at  tlie  Lick  Observatory,  ivhere  it  wa«  followed  up 
to  OctobiT  9;  in  the  southern  hemisphere  it  does  not  seem  to  have 
been  followed  beyond  October  11. 

Comet  1SJ)1  V :  «er  comet  TemidP:,  Swift. 

^Coiiiet  ' rem peli-ii wilt. 


Comet  181(2  I;  Diwovered  by  8wia  on  Mareh  6.  1S!12,  at  17* 

=  Couiui  a  1892.  Kocliester  mean  time,  or  5  o'clock  on  the  moroint;  i>f 

March  7,  in  30°  Kouth  declination;  the  brightest  comet  seen  in  the 
Dortheni  hemisphere  since  the  great  September  comet  of  1882.  At  tin- 
time  of  its  greatest  brilliancy,  which  was  at  periiielion,  April  G,  It  wa.^ 
tut  bri};ht  as  a  star  of  the  thirtl  or  fourth  magnitude,  with  a  bright, 
round  head  and  nucleus  of  10"  to  15"  diameter.  The  tail,  on  the  other 
hand,  was  exceedingly  faint,  and  was  variously  estimated  at  from  1"  t« 
20°  in  length,  Barnard  reported  it  on  April  3  a^  double.  The  photo- 
graphs of  the  tail  Tvere  of  unusual  interest,  especially  those  taken  in 
March  at  Sydney  and  in  April  at  Mount  Hamilton.  On  the  morniug 
of  April  5  a  photograph,  made  by  Barnard  at  Mount  Hamilton  with  a 
(i-inch  lens,  showed  three  main  branches  to  the  tail,  each  being  se\}»- 
rated  into  several  others,  so  that  in  all  at  least  a  dozen  could  be  counted. 
At  a  distance  of  two  degrees  from  the  heml,  along  the  northern  side  of 
tlie  middle  tail,  there  was  a  sudden  bend  southward.  On  the  7th  "tbe 
southern  comiwnent,  which  was  the  brightest  on  the  5th,  had  become 
diffused  and  fainter,  while  the  miildle  tsiil  was  very  bright  and  broail; 
its  southern  side,  which  was  the  best  definetl,  wan  wavy  in  numerons 
places,  the  tail  ap[>earing  as  if  disturbing  currents  were  flowing  at 
right  angles  to  it.  At  42'  from  the  head  tlie  tail  made  an  abrupt  bend 
towards  the  south,  as  if  its  current  was  detie<!te<l  by  some  obstm-le.  hi 
the  densest  piu-tion  of  the  tail,  at  the  point  of  deflection,  is  a  couple  of 
dark  holes  similar  to  these  wien  in  some  of  the  nebulae." 

The  comet  was  visible  to  the  naked  eye  till  the  beginning  of  Jniie, 
and  was  still  under  observation  with  the  telescope  at  the  close  of  tbe 
year. 

The  siHKitrum  as  observed  by  Konkoly  on  April  1  and  2  uuisisted  of 
I  continuous  spectrum  and  five  bright  lines,  while  Campbell,  at  llii' 
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Liek  Observatory,  wlioae  observatious  exteiul  from  April  i>  to  June 
13,  aaw,  in  nddition  to  the  contiiiiiou»  .spectmiii,  tlie  tliree  umtal  com- 
etary  banda,  the  less  refrangible  sides  of  these  b;ind8  being  sharply 
deliiietl  an4l  t\u;  middle  one,  iu  fa«;t,  terminated  by  a  very  bright  line. 
The  orbit  of  the  I'omet  in  nndoiibtedly  elliptic',  belonging  to  the  inter- 
esting group  <if  comets  with  a  jieriod  of  about  two  tbonsand  yeara. 
Daring  this  apjiearaiice,  as  it  wa:^  for  a  considerable  time  in  the  neigh- 
borhood of  Jupiter,  its  path  may  be  uonsiderably  changed. 

Comet  1892  II :  r  Discovered  by  Denning,  at  Bristol,  on  Marcli  18, 
=Comet  c  1892.  |  1^92,  in  2:i''  right  ascension,  and  59°  north  declina- 
tion :  it  was  then  at  its  maximum  brightness,  small,  round,  with  central 
condeasation  of  from  eleventh  Ut  twelfth  magnitude,  and  no  tail.  It 
remained  small  and  iuconspienous,  bnt  was  under  observation  for  sev- 
ural  months.  The  orbit  is  parabolic,  withont  specially  interesting  pecu- 
harity. 

Comet  189U I II :  I  Discovered  by  Mr.  K.  Holmes,  at  London,  on  Novem- 
=Con«-t  /  KWJ.  bei'  6,  1892,  near  the  great  Andromeda  nebula,  and 
=Holine»H comet.  |  j^]„„  independently  on  November  9,  by  Davidson, 
at  Mackay,  Queensland — a  round  nebulous  nmss  5'  in  diameter  wirh  a 
c«ntral  condensation,  but  no  tail;  the  suspicion  that  it  was  a  return  of 
Biela's  comet  was  shown  to  be  unfounded  as  soon  as  sufficient  obser- 
vations were  available  for  a  determination  of  its  orbit,  though  the  orbit 
proved  to  be  elliptic  and  of  sliort  period.  A  short  faint  tail  was  seen 
soon  after  discovery,  and  upon  a  ))liotograph  taken  by  Barnard,  on 
November  10,  it  can  be  followed  for  half  a  degree,  while  about  a  degree 
from  the  bead  and  beyond  the  tail  there  is  a  diffused  nebulous  object, 
apparently  belonging  to  the  comet,  and  this  connection  seems  sub- 
stantiated by  Campbell's  spectroscopic  observatiims. 

The  comet  was  visible  to  the  naked  eye  to  the  end  of  November  and 
in  telescopes  of  medium  power  during  the  first  part  of  December,  and 
then  diminished  very  rapidly  in  brightness,  not  following  at  all  the 
computed  scale  of  brilliancy,  hnt  showing  a  remarkable  and  inexplica- 
ble outburst  about  the  Ilith  of  January,  1893.  Tbe  spectrum  was  also 
peculiar  in  that  it  seemed  to  be  purely  eontiuiious. 

Acconling  to  the  elements  computed  by  Schulhof  the  comet  passed 
perihelion  on  June  13, 1892,  and  its  [icriod  is  G.9  years;  the  orbit  seems 
to  lie  entirely  within  that  of  Jupiter,  the  nearest  possible  approacii  of 
thetwobeingO.4,  (the  moan  distance  of  the  earth  from  the  sun  being  I,) 
but  since  1861  the  two  bodies  do  not  seem  to  have  been  very  close  at 
any  time.  Tlie  small  eccentricity,  not  far  from  that  of  Tempel's  first 
periodic  comet,  brings  it  quite  near  to  tbe  upper  limits  of  the  eccen- 
tricity of  the  asteroid  orbits.  But  with  such  a  short  period,  as  it  can 
not  have  experienced  great  perturbations  since  1861,  the  reason  fur  it^i 
never  liaving  been  seen  at  a  previous  return,  is  a  mysti'ry  which  seems  to 
be  connected  in  some  way  with  the  very  great  and  abnormal  variation 
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ill  bn^litiiesH  actusilly  detected  while  under  obsf  rvatioiia,  tlie  c:iatte  of 
wliich  still  lies  beyond  us  in  the  unkonwu  characteristics  uf  nnuetarj' 
material. 

Comet  1892  IV:        I       Fdiiiiil   by  Spititlei-,  nt  Vieuua,  «>ii  March  18, 
=Comnt  61892.  1892. 

=WiDDe<ke-HCoui^i.   <       Srf  Com<rt  WiuLcckc. 

Comet  1892  V:  Especial  interest  attaehes  Ut  this  comet,  as  it  is 

^=Comet  <■  1891!^  ^j^,  (jpgj  discovered  by  pliotojiritithy,  if  we  excejit  the 
single  case  of  the  "  Tewflk  comet,"  shown  near  the  sun  on  a-plate  exposed 
diiriuf;  the  total  eclips*;  of  May  17,  1882.  The  present  comet  was 
detected  as  a  suspiciou.s  looking  object  iipou  a  plate  expo.'ied  ne»r  ^ 
Aquila  on  October  12, 1892,  by  Barnard.  On  the  followiiif;  evening  the 
cometary  character  of  the  ot»iect  was  confirmed  by  the  i2-inch  refrac- 
tor. It  was  faint,  1'  in  diameter,  and  from  twelfth  to  thii'teeuth  mag- 
nitude, somewhat  condensed  toward  the  center.  It  changed  bnt  little 
in  appearance  and  was  last  seen  in  December. 

Dr.  Kmeger's  elements  give  a  period  of  revolution  of  only  {i.'-i  years 
and  show  a  remarkable  resemblance  to  those  of  Woirs  comet — so  great, 
in  fact,  an  to  suggest  a  common  origin  for  the  two,  as  in  the  case  of 
Biehi's  comet  and  Brooks's  comet,  1889  V, 

Comet  1892  VI:  ,  Discovered  on  August  28,  1892,  in  the  constella 
^^CoiTiet  (11892.  I  tioD  Gemini,  by  Brooks,  a  cjnite  bright,  round  nebulHi 
with  distinct  nucleus  and  shout  faint  tail;  it  was  visible  to  the  nakMl 
"-  ^^ ' —    •-'"  the  tail  could  be  followed,  upon  a  photograpliii' 

for  5°;  alter  the  middle  of  December  the  comtl 

I  the  southern  hemisphere. 

owed  a  continuous  spectrum  with  the  three  usual 


Ills  comet  waa  also  discovered  by  Brooks,  at 
eva,  N.  Y.,  in  the  constellatiou  Bootes,  on  Hi' 
19,1892;  it  was  then  iiuitebrightforatelesccpi'' 
tail,  while  its  increase  in  brightness  and  nortta- 
a  easy  object  for  observation  during  the  rest  of 

umetsof  the  year  1892  mention  should  lieniHilf 
detected  by  Prof.  M.  Wolf  upon  photugmplii'' 
rch  10  and  20.  1 892.  It  could  not  be  found  ii|kiii 
h  22  nor  in  ii  later  search  witli  the  great  Vieuus 

>f  a  comet  discovered  by  Freeman  on  Noveml*"' 

erroneous. 

by  Swift  ou  December  23,  1889,  has  been  ideutj- 
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tied  l>y  Di-ejer  with  a  uebula  dittcovereU  by  Uenivhel,  and  in,  tUuratbre, 
to  be  HtrickeB  fVoui  the  list  of  lost  i^oinetK. 
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A  fttie  ttliuwer  of  iiifttxirs,  radiatiuK  A'om  the  iit^ighborlioocl  of  ;'  Ad- 
droine(1»>.  was  seen  iu  the  United  States  and  Canada  on  the  night  of 
the  23d  of  November,  1S92.  There  seeiiiB  to  be  nu  doubt  that  it  was  a 
part  of  the  great  stream  eonne4.-ted  with  Biela's  comet,  which  was  en- 
couDtered  on  the  2rtth  <)f  November,  1872  and  1885.  On  these  two  oc- 
casions theeaitli  probably  passeil  throagh  the  main  swarm,  while  in 
1802  it  passed  some  days  eadier  tbrougii  an  associated  l^ranch  of  it 
From  a  comparison  of  the  positiouti  of  the  comet  and  of  the  dates  of 
Hie  niete»ri<;  showerH  in  1798, 18.'i8,  and  187li  Prof.  Newton  was  lonji 
i'go  led  to  conclude  "that  a  Ioiik.  extended  ;:rou|i  of  meteor  particles 
most  attconipunv  the  <^<>uiet  in  its  iieriiidical  icvoliitiim.  prevedin;;  it  to 
lj[l.Mi8..U4 15 
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a  distauee  of  :iUU,UOO,OlH)  milna  iu  front,  and  lullowiu;^  it  U>  a  leu^tli  of 
200,000,000  miles  iu  tlio  reur  of  its  actual  position,  or  oiM^liying,  if  tbere 
is  ito  reason  to  suppose  the  elongated  meteor  current  diucontiiiuons, 
fully  .500,000,000  miles  iu  its  observed  length  along  the  comet's  pjiUi." 

SOLAB  1SY8TBH. 

Motion  of  the  milur  gj/ntem, — Prof,  Porter  has  dis^-ussed  the  proper 
motiouH  of  1,340  stiirs  contained  in  publication  12  of  the  Cineiuuati 
observatory.  Adopting  Dr.  Schonfeld's  method  of  divldingtlie  stars  into 
tour  groups,  a<»M)rding  to  the  magnitndu  of  tlieir  proper  motions,  he  bsm 
(^onllrmed  Dr.  Htumpe's  result  that  the  proper  motion  of  a  star  is  an 
index  of  its  distance  Irom  us.  Tlie  mean  iwsitiou  of  the  -'sun's  way" 
tVom  his  figures  is  281°.2  right  ascension  and  +40°.7  declibatioii. 

Dr.  Vogel  has  also  published  the  results  of  an  inquii'y  on  this  subjei-t 
based  on  the  measured  velocities  of  stars  iu  the  line  of  eight.  TIte 
motion  of  flfty-one  stars  Las  been  determined  at  Potsdam,  and  tLe  jiroba- 
ble  error  in  the  measurement  is  below  1.16  geographicid  mileis,  but  the 
resulting  value  of  tbe  apex  of  motion,  though  the  observations  have 
been  discussed  iu  various  ways,  is  not  in  very  satisfactory  accord  witli 
other  investigations.  If  the  stellar  motions  be  treatetl  either  with  equal 
weights,  or  weights  approximately  pruiHirtional  to  those  assignecl  by 
T)i'.  Vogel  in  his  catalogue  of  pn)per  motions,  tbe  coordiuates  of  ibr 
apex  ill*  20CO.1  ±  12°.0  in  right  iiscension,  and  +  45° ,0  ±9° .2  in  dec- 
liuation,  with  a  velocity  of  ll.l>0  iz  1.8.~>  geographical  miles. 


lHautetey  of  thtt  sun. — A  large  number  of  beliometer  measures  of  tbe 
diami-ters  of  the  aun  and  Veuns  made  by  the  <fennaii  transit  of  Veiinx 
parties  iu  1874  and  1882,  incidental  to  the  more  imiwrtiint  determiua- 
tion  of  the  solar  parallax,  have  been  discussetl  by  Dr.  Auwws.  who 
finds  for  the  mean  result  of  the  sun's  diainet«>r  (thirty-unu  observers! 
1,01!)".3,  which  (Utters  considerably  iiinn  that  a(h>i>ted  in  tbe  vjirioiis 
ephemerides;  the  Berlin  Jahrbuch,  for  iustance,  uses  I,if22".4,  the  On 
uaissance  des  Temps  and  British  Nautical  Alniatiacl.  02^".<i,  aud  tlic 
Anterican  Ei)hemerisl,il24".«.  Dr.  Auwers  remarks  tbat  if  the  value 
he  finds  is  afl'eeted  by  irnidiatiou  it  cau  only  be  too  large,  while 
the  jMiopted  diameters  are  larger  still.  He  annouuces  that  a  chHase 
will  be  made  in  the  value  used  by  the  Berlin  Jahrbui-li  in  the  voluiuf 
for  1895. 

Tnttperuture  uf  the   sun. — The  numerous  iittem|>ts  that  have  bee" 

iiiadi-  U>  determine  the  tempernture  of  the  sun  have  k-d  Ut  the  m"»^ 

discordant  result^*,  the  figures  varying  from  l,."i(Hlo  to  -VKXMXH''-    Tlir 

■(lem]iloyi-d,  liowevei',  has  always  been  the  same  (that  of  I'i'iiil- 
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let),  iiud  the  expei'iiueDtal  dtitemiiiiittioaH  liavf  been  sufficiently  con- 
cordaut  ID  themoelves,  tlie  diver^nciea  arising  fi-om  tlie  diifereiit  lawB 
vidoptcd  tu  connect  the  radiatiun  of  incaudesceut  bodies  with  their  tern- 
lieratnre.  Newton's  law,  wliich  holds  only  for  an  interval  of  a  few 
ile^ees,  gives  for  the  temperature  of  the  snn  millions  of  tleiirees. 
Dalong'a,  which  is  only  exatt  over  a  range  of  150°  at  most,  gives 
l,.'iOO°.  Bosetti's  law,  e--<tabli8hed  by  esiierimeats  made  between  0*^  and 
.'(OOo,  {fives  10,00(K'.  A  more  rwent  series  of  experiments  has  been 
made  by  M.  H.  Le  <JhateIier,  and  is  published  in  the  Compten  Rendug  for 
March  28, 1892,  in  which  the  temperatures  employed  cover  a  raufie  of 
l,WH)o  (700°  to  1,8000).  The  "efttetive"  temperature  that  he  tinds  for 
the  HOD  is  7,6(MP,  which  he  thinks  may  be  sabjeet  to  an  uucertaiuty.  on 
acconnt  of  errors  which  may  efteet  the  law  of  radiation,  not  i^ater 
than  l,(K>Oo,  the  "effeetive"  temperature  beiug  that  temperature  which 
a  body  of  emissive  power  ec|ual  to  unity  must  have  in  order  to  send  ns 
radiations  of  the  same  intensity  as  the  smi.  The  actual  temperature 
of  the  photosphere  is  higher,  tor  a  part  of  its  radiations  are  absorbetl 
by  the  less  highly  heated  solar  atmosphere,  and  perhaps  also  (although 
this  seems  hivnlly  probable)  because  the  emissive  ]>ower  of  tlie  sun  may 
be  less  than  unity. 

liolar  a<iicittf  in  1892. — The  development  of  the  solar  activity  during 
I8d2  was  no  less  marked  with  regard  to  prominences  than  with  regard 
to  sun  spots.  On  April  (i  Trouvelot  rejiorted  an  arched  prominence 
extending  some  90,UUU  milex  along  the  limb  of  the  sun  and  attaining  a 
height  of  over  57,")00  miles.  Two  days  later  an  enormous  protuberance 
rose  to  a  heiglit  of  71,970  miles,  extending  in  a  little  ovei'  half  an  hoar 
to  10o,o5U,  and  a  week  later  another  extending  over  2.w,(IOO  miles  along 
the  circamference. 

The  great  sun  spot  group  vf  lf!>;i. — it  appeals  that  the  original  forma- 
tion of  the  group  took  pla*;e  on  the  farther  si<le  of  the  sun,  and  it  first 
tame  under  observation  on  November  15, 1891,  when  it  was  seen  as  a 
spot  of  considerable  size  dose  to  the  east  limb.  On  November  10 
the  groop  consisted  <rf  three  spots,  ami  by  November  18  it  had  assumed 
the  appearance  so  typical  of  the  more  importantdistorbances,  of  along 
procession  of  s])ots  of  various  sizes,  the  spot  in  the  van  and  that  in 
the  rear  being  the  largest.  During  rhc  Dctcniber  appearaUL^e  (De- 
cember 12-:!4)  it  was  tlironghout  one  well-detined  ciicular  spot. 

One  spot,  roughly  circular  in  shape,  alone  appeared  on  January  7. 
It  is  uot  quite  clear  whether  it  represented  the  principal  group  of  tlie 
Xovemlier  appearan<'c  or  the  little  group  which  formed  in  advance  of 
it  and  which  be<-anie  prominent  during  Dei-ember.  It  seemed  to  oc- 
cupy a  position  nearly  midway  between  the  two,  though  the  two  are 
practically  to  be  ragarded  as  one  disturbance. 

Before  its  appearance  at  the  east  limb  on  Manrh  i  a  great  change 
had  taken  i>lace.     The  group,  which  on  February  13  had  covered  more 
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thau  3,000  uiJUioiitlis  of  tlif  huii'h  viuible  lieuiiKpliere,  did  not  cover 
one-fifteeiitli  of  that  area  oii  Marcb  5,  though  it  revived  snaiewhat  be- 
fore it  was  last  seen  at  the  west  limb  on  ^tlart-h  17,  bat  did  not  snrrive 
to  make  a  sixth  nppeariuice  at  the  east  limb  ou  March  31  or  April  I. 

Acchrdiiig  to  Mr.  Maunder  tlie  ^eat  upot,  the  largest  on  rei-ord  at 
GreeDwicli,  was  112,000  miles  long  and  62,000  miles  broad,  while  tbe 
entire  group  of  wliieh  it  formed  the  principal  part  was  1612,000  mile« 
long  and  75,000  broad.  The  area  of  the  spot  on  February  13, 1892, 
was  2,910  million  square  miles,  and  the  whole  gronp  3,530  million 
square  miles.  This  is  about  eighteen  times  the  area  of  the  earth,  and 
seventy  globes  as  large  as  ours  could  have  lain  side  by  side  in  the  im 
mense  hollow.  Mr.  Maunder  thinks  that  t)ie  eS'ect  upon  the  weather 
of  a  spot  even  of  sncb  euorraous  size  must  be  very  slight,  if  apprecia- 
ble. The  magneticneedle,however,  undergoes  violent  disturbuntieupoD 
their  appearance. 

lu  an  article  in  Knowledge  for  April  and  May,  1892,  .Mr.  Maunder 
brings  forward  some  important  evidence  in  regard  to  the  cunnectioii 
between  auu  spots  aud  magnetic  storms.  The  article  concludes  aa  fol- 
lows : 

In  a  |>eriod  of  nearly  nineteen  years,  thei'efure,  we  have  three  mag 
netic  storms  which  stand  out  preeminently  above  all  others  duriug 
that  interval.  In  that  same  i)eriod  we  have  three  great  sun  B{tot  dis 
plays — i-uuntiiig  the  two  graup.s  of  April.  1882.  t^igether — which  stand 
ont  with  etpial  distinctness  far  above  all  other  similar  displays.  Ami 
we  tind  that  the  three  magnetic  -storms  were  simuIt;uieons  with  tlie 
greatest  development  of  the  simts.  Is  there  any  escaiw  from  the  eou 
elusion  that  the  two  have  a  real  and  binding  connection  f  It  may  Ix* 
direct,  it  may  be  indirect  and  Kecondury  only,  bnt  it  must  be  real  and 
efleetive. 

Consider  that  the  j>eriod  in  question  is  practictilly  some  sis  thouHuiid 
eight  hundred  days.  A  magnetic  storm  does  not  last  many  hours ;  s 
sun  si»ot  soon  declines  trom  its  greatest  development,  or  soon  passes 
away  fi-om  the  center  of  the  appai-ent  disk.  Sup|K>se  we  take  an  oQt 
side  limit,  and  give  a  |>eriod  of  two  days  to  a  giant  spot  to  exercise  its 
iutlueiice  or  a  magnetic  storm  to  exjtenil  its  violeuce  ;  what  are  the  jirob- 
abilitiea  against  3  out  of  3,-400  of  such  periods  of  the  one  phenomenon 
agreeing  with  3  out  of  3,400  of  the  other,  if  tbey  are  not  related  1  If 
3.400  numbers  were  ptace^l  in  one  twx  and  3,400  more  in  a  seconil,  and 
one  from  each  box  were  drawn  at  a  time,  what  is  the  chants  that  tlie 
three  highest  numbers  would  be  drawn  from  the  one  box  simultane- 
ously with  the  three  highest  tiom  the  other,  each  to  eatrh,  if  the  matter 
had  not  been  prearranged  !  Indeed,  we  might  legitimatelj'  rail  the 
coincidence  of  April,  1S82,  a  doable  one,  and  ask  the  odds  against  the 
lour  highest  nnnil»ers  from  each  box  being  so  drawn. 

Between  sun  spot«  and  storms  of  the  second  maguitude  it  is  moie 
difticnlt  to  make  a  satisfactory  omiparison,  because  it  is  not  so  easy  to 
(\'aine  a  satisfactory  definition  ari  to  what  constitutes  a  secondar}' diB 
turbance.  Nevertheless,  the  following  brief  table  of  large  sun  spots 
aeen since  the b«>ginuing  of  18SI.  which  were  coincident  with  consider- 
-IwuM'cs,  ini.y  pnive  of  tutert'tit.  The  sjiotted  area  is  given  ui 
square  miles;  , 
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1  est— January;;! 1,285  686      lHg,1— Xovpniber  1 ?.  1(10 

SepienWr  l^i a.DSB  HIT   ,  >'D>embiT  l» a.SM 

i»«!-OctoiKi  2 i.im  i.-at     igm-Unrthi i.sio 

OctDbarS S,0«,  I.IRS  Aprils* 3.3«H 

1!«3— Aurila ,  l,S4S  «m  AprilW I.T48 

April  10 2.  n«  "7(1  .    isai — laiiuan  23 1,987 

Juneau I  a.eSO  :'.210  I  Febnury  S ..]  I.MS  i 

JulTll I  1.887  1,00B  ,  FebTDnryn I.5«e  : 

Juij2« I.42S  [  i.aw  u«v3e* i.ua. 

»ppleiabrrn- '■  2,017  '  ""  '■ — "'-  -  =.« 


UrIol-rrlMi! ]!mo  ' 


Jul;  18.. 


Some  of  tlie  above,  tlin»e  marked  with  an  astermk,  tiiiiy  fairly  be 
taken  as  conlimiiiig,  tliough  with  lesH  defliiiteiiess,  ibe  miicla.sion 
drawn  from  tbe  correspoiideiieeH  between  the  greatest  spots  and  the 
greatest  storms.  But  with  tlie  others  it  is  not  ho.  Bpot«  us  impor- 
tant Iiave  beeu  seen  upon  the  snn,and  the  miigiirts  havescaiTely  tlnt- 
tered,  and  storms  as  distinct  havo  iMtcurred  when  there  have  been  only 
few  spots,  and  those  bnt  small,  npon  the  visible  disk  of  the  sun.  The 
table  is  important,  therefore,  not  as  adding  to  tbe  weight  of  the  evi- 
ilenre  in  favor  of  tbe  (-,onne<:tion  between  sun  Kpols  and  magnetie  dis- 
turbances, bnt  as  emphasizing  a  point  which  must  not  be  forgotteu. 
Tliongh  the  diurnal  and  annual  changes  of  terrestrial  magiiettsm  con- 
chisively  jtiove  the  S(dar  inHnence  upon  it,  though  the  conclusion  be- 
tween the  general  snii-spot  cycle  hikI  the  general  magnetic  cyle  is 
clearly  established,  tboagh  even  in  minor  irregularities  the  two  cnrves 
rinsely  correspond,  and  tlioagb  niiu!<U)vlly  large  sun  spots  are  answered 
by  unusually  violent  magnetic  storms,  we  i^an  not,  as  j;et,  proceed  far- 
ther and  express  the  magnitude  or  cbamctei'  of  the  magnetic  disturb- 
ances ill  terniK  of  the  sjiotted  area  of  the  sun  or  of  its  priucipal  groups 
lit  tlie  time  of  observation.  The  conclusion  to  my  own  mind  seems  to 
he  that  though  sun  spots  are  the  particular  solm*  phenomenon  most 
easily  observed,  we  must  not  infer,  therefore,  that  their  number  and 
extent  afford  the  trnest  indication  of  the  changes  in  the  solar  activity 
which  produce  the  pertnrbatiinis  we  remark  in  our  magnetic  needles. 

Nolnr  priimineiicfH. — Kspecial  attention  lias  been  given  to  the  plio- 
tograpliy  of  solar  iimminences  by  Pn>f.  G.  H.  Hale  of  the  Kenwood 
observatory,  Chicago,  and  by  M,  Deshindres  of  the  Paris  observatory. 
I'rof.  Hale  suggested  two  plans  for  the  purpose;  the  first  was  to  allow 
the  image  of  the  sun  to  dritt  across  the  radial  slit  of  a  powerful  spec- 
troseope,  the  driving  clock  of  the  telescope  being  slowed  to  produce  the 
drift.  If  then  there  were  a  prominence  on  the  sun's  limb  the  length  ot 
any  bright  line  at  the  fncns  of  the  si>ectrosi-o|)c  would  define  tbe  height 
of  the  pniininenco,  and  as  the  sun  drift^^l  across  the  slit  this  line  would 
I'imtinually  change  in  length.  If  now  the  line  in  use  w?re  made  to  pass 
tlu'ougli  a  slit  ,ju  't  within  the  fiwus  of  the  observing  telescope  of  the 
siwctroscoiw  call  h1  the  "second  slit,"  so  as  to  be  in  fiu-.as  on  a  plate 
beyond  the  slit,  all  that  is  required  to  photograph  the  prominence  is  to 
move  the  plate  slowly  at  right  angle  to  the  second  slit.  Fresh  portions 
of  tbe  plate  are  thus  cxjiosed  to  corresponding  portions  of  the  promi- 
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iieiicb,  and  111*!  imniiiiii'iice  iiiuif^u  is  built  ni)fniii!  u  sii<-i-u»su>iM>t'brit;Ll 
line  images  of  tlio  slit.  In  ttie  second  method  propositi,  the  clock  nf 
the  equat^trial  is  so  iwljusted  that  the  image  of  the  huh  is  kept  in  a  fised 
position.  The  jilate  ou  the  oiid  of  the  collimator  which  cairies  the  sU(. 
is  then  slowly  moved  uitosr  the  xiin's  limb  at  th(>  iMtiut  where  tbe 
prominence  is  present,  and  a  M'cond  slit  moving  at  the  same  speed 
before  a  stationary  plate  excludes  the  ligtit  from  the  Hpectrnii)  on  either 
Ride  of  the  line  in  nse,  and  reduces  fogging  to  a  miiiimnni. 

In  April,  1801,  Mr.  Hale  seeiirMl  the  first  ]»hotograph  of  the  (*i»ectruiii 
nf  a  prominence  obtained  w^ithont  an  eclipse.  This  showed  two  %'ery 
sti-ong,  bright  lines  nearly  at  tlie  centers  of  the  darlt  solar  bands  H  and 
K.  The  same  lines  were  photographed  ou  snbseqent  occasions,  hnl  it 
wHJt  not  until  Jnne  2:i,  that  any  new  lines  were  discovered.  On  tbio 
occasion  four  lines  were  obtained  in  the  ultni-violet — a  inimber  since 
increased  to  six.  Of  these  six,  5  lines  belong,  unmistakably,  to  the  se- 
ries of  hydrogc'u  lines  discovered  by  Dr.  Huggins,  in  the  nltra-violet  of 
the  spectra  of  Sirian  stars.  The  sixth  line  forms  a  close  double  witii 
one  of  these  hydrogen  line.s  (o)  but  its  origin  tias  not  yet  been  acconntwi 
for. 

Mr.  Halo's  conclusion  that  II  and  K  are  not  due  to  hydrogen,  is  abund- 
antly confirmed  by  Prof.  Young  and  also  by  M.  Deslandres.  sin(«tbe 
measures  have  shown  beyond  a  doubt  that  the  "companion  line  to  H." 
and  not  H  itself,  is  the  one  really  due  to  hydrogen.  Mr.  Hale  and  M. 
Deslandres  ascribe  these  two  giant  bands  of  the  solar  spectmm  to 
ealcinm. 

Mr.  Hale  has  also  met  with  considerable  success  in  ]>hotogi-aphinf 
the  forms  of  solar  prominences,  sonu'  of  the  phot4)gra]>hs  showing  ii 
satisfiietory  amonnt  of  detail.     In  one  instance  a  promiheni'e  photo- 
graphed at  Kenwood  was  being  sketched  bj-  Herr  Fi'-uyi  at  Kaloesa 
at  the  same  moment  of  time,  an<l  drawing  and  photograph  are  in  closr 
accord.     A  suggestion  by  AI.  Deslandres  that  it  might  be  possible  to 
photograph  the  entire  chromosphere  at  a  single  exi>osnre  lias  b«cti 
carried  into  ett'eet  by  Mr.  Ilnle,  by  means  of  a  " spectroheliograph," 
in  which  the  slit  of  the  spectroscope  is  made  to  travel  8<'ross  the  imap" 
of  the  sun,  and  a  piecisely  similar  motion,  but  iu  an  opposite  diree- 
tion,  is  given  to  a  set^ond  slit  nearly  in  the  fueus  of  the  view  telescope. 
ei\  that  the  IC  line  of  the  spectrum  of  the  fourth  order 
Since  the  K.  line  is  always  bright  in  the  spe«tnini  of  tlie 
and  prominences,  it  is  ciisy,  by  shutting  olf  the  image  of 
leans  of  a  diaphragm,  to  build  up  a  complete  picture  nf 
romospheiv  and  prominences,  and  so  to  pnidnce  wliat 
bed  as  an  "aitllleial  total  solar  eclipse."    The  di-toavery 
■le  has  made  that  the  H  and  K  lines  are  always  revernwl 
has  enabled   him  to  extend  the  application  of  this  prin- 
dia]>hragm  covering  the  image  of  the  sun  be  discarded 
will  be  obtained,  not  merely  of  the  chromosphere  auct 
but  of  the  disc  of  the  sun  itself,  showing  the  spots  and 
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t'be  fiM:iiln-.  tUf,  liittfi'  hoiiifj  d«i>i<'te(l.  not  luvrely  when  uvttr  lite  limb 
of  the  smi,  but  wliorever  they  cMieur.  even  in  tlie  verj'  (-entei-  of  tlie 
disc.  In  thin  manner  it  has  been  discoveretl  that  fiicnlflB,  inriHible  to 
tlie  eye  frequently  float  above  tlie  niiots,  and  one  serieK  of  plioto^TapliA 
in  p»rTi('ular,  show  Imw,  on  Jnly  l.'i,  a  lutninoHK  ontlnirst  formed, 
8|ireful,  completely  bid  a  birjn'  jn^np  of  npots,  and  panm-d  away,  all  in 
a  few  minntes  of  time. 

The  do«hlr  reversal  of  tlie  H  und  K  liiieH  fnini  fiictitae,  a  pbenonietion 
sliown  upon  photofjrapbs  taken  at  Kenwood.  Paris,  and  Stonyhurst,  is 
a  discovery  of  special  interest  as  iwarinfj  u^km  tlieinti>r|n-rtationof  the 
eiiipmntical speetiuai of  Xora  A iirif/fr,  and  I'rof.  Ilaie  lias  supplemented 
tbiH  <Ii(K'Overy  by  obtaining  a  similar  result  with  an  int4-t!rating  spec- 
troscope, tbe  sua  bein<!  treated  ns  a  star  wonid  lie,  its  lip^bt  as  a  wliole, 
and  not  only  from  sjteeial  regions  of  the  dise.  being  subjected  to  exatii- 
ination. 

M.  Dcslandres  lias  l>ce]i  milking  fnrtber  e.x)terinients  n|>on  pbnto- 
giaphing  tbe  comna  without  an  eclipse.  The  principle  upon  which  he 
])roce«ds  is  to  obtain  pbotographs  of  tbe  nun  from  light  of  limiteil 
refraiigibility,  not  by  using  colored  media  or  stnine<l  plates,  but  by 
meiins  of  two  prisms,  the  second  of  which  is  airanged  so  as  t4i  i-ecom- 
pose  tlie  light  disperserl  by  the  lirst.  Rut  onlj'  certain  rays  from  the 
tirst  prism  are  allowed  to  fall  on  the  second;  the  resulting  image  of  the 
son  is,  therefore,  c^mfined  to  those  rays  which  can  be  selected  at  pleaw- 
nre,  M.  Ileslandi-es'  ])nrpose  is,  therefore,  to  find  out  for  what  rays 
the  corona  has  the  greatest  brightness  as  compared  with  that  of  tbe 
sun,  and  to  photograph  the  sun  and  its  surroundings  by  tbeir  aid  aloue. 
{Hee  Month.  Not.,  52:2»2;  0,1:277.) 

ErLIPSES. 

Eifipxr  of  Ike  moon,  J^5i^,  Jnnuary  28. — In  inimber  23  of  the  Publico- 
tionfi  of  the  Astronomical  Soci^-ty  of  the  Pacific  is  an  unusually  satin- 
factory  drawing  by  Prof.  Weinek,  showing  the  delicate  shades  of  color 
exhibited  by  tbe  eclipsed  moon. 

EcUpie  of  the  xnn,  18S9,  •faitaary  J. — Prof.  Pritchett's  report  of  tbe 
Wasbiagton  I'niversity  party,  which  was  stationed  at  Nonn;in,  Cat.,  is 
illaatrated  tiy  an  excellent  artotyiw,  a  composite  reproduced  by  hand 
from  foar  negatives.  The  evidence  given  by  these  photograplis  upon 
the  structure  of  tbe  coi-ona  is  thus  summarized  "Tlie  marked  structural 
features  of  the  corona  are  (a)  tbe  so-called  filaments,  and  {b)  the  streant- 
ers  extending  approximately  in  the  direction  of  the  ecliptic.  The  fila- 
ments extend  over  a  region  of  20  degrees  or  more  on  each  side  of  the 
poles.  Tbey  are  straight  lines  of  light  arranged  somewhat  like  the 
spines  of  a  fan,  and  are  not  radial.  The  dark  spaces  tietween  them  are 
not  entirely  free  of  coronal  matter,  bnt  can  be  traced  in  some  cases  to 
within  a  shoi't  distance  of  the  sun's  limb.  The  broad  and  strongly 
marked  equatorial  belt  stretches  directly  across  this  mass  of  Alaments, 
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»pimrcut).v  i^iitliiiffott'  the  ttlmDeiitx  iit  the  somewhat  irregular  line  of 
sejiitrHtioii.  The  impression  conveyed  to  the  eye  rs  that  the  equatorial 
»ti-eiim  of  denser  corouiil  matter  extends  aerosa  and  through  the  fila- 
ments, ximply  obscuring  them  by  it«  greater  brightness.  There  in  noth- 
ing in  the  photograpli«  to  prove  that  the  filament:^  <io  not  exist  all  rontkd 
the  suu. 

KclijmeK  nf  1891  and  1S93. — In  the  year  1891  there  were  two  eclipaes 
or  tiie  sun,  an  auunlar  eclipse  on  Jane  6,  and  a  partial  eelit>ee  on  Xo- 
vemt>er30-I>ecember  ];  and  two  eclipses  of  tlie  moon,  May  2-S  and 
November  15,  both  total. 

In  1892  there  were  also  four  eclipses,  two  of  the  sun  an<l  two  uf  tlie 
moon :  a  total  eclipse  of  the  sun  April  26,  and  a  partial  eclipse  of  the 
sun  Ot-tober  20;  a  jtartial  eclipse  of  the  moon  ^fay  11  and  a  total  eclipse 
November  4. 

Eriipxe  of  the  iHtHin,  JfHtl,  Mag  2:i. — A  total  eclii>»e,  visible  tliroughont 
the  western  jiart  of  the  Pacific  Ocean,  Australia,  Asia.  Africa,  and 
Europe.     No  observations  »i  s{>ecial  importance. 

Eflipse  of  fhe  tun,  lt<91,  June  b'. — Visible  as  an  annular  ecliptic  only 
in  the  noithern  part  of  Sil>eria  and  tlie  Arctic  Ocean.  A  few  obsen'- 
titions  of  contat'tM  were  secured  in  the  western  |»art  of  the  United 
stales. 

Erli]Me  of  Ike  mook,  1S91.  Xorembrr  lH. — The  total  eclipse  of  the  moon 
«m  November  15,  ISOl,  was  Ti.>*ible  generally  throughout  North  wid 
South  America,  Europe.  Asia,  and  Africa.  Tlie  whole  of  the  eclipse 
was  visible  in  the  eastern  and  central  parts  of  the  United  States  while 
ill  tlie  western  |>art  the  moon  rose  cclipsetl.  Dr.  Diilleu  selected  from 
photographic  plates  made  at  I'otstlam  some  138  stars  to  l>e  occiUted  at 
e!«tnblisli(Hl  observatoriea,  but  the  weather  seems  to  have  beeu  gener- 
ally unfavorable.     A  few  contact  observations  were  secured. 

Kt'lip4ic  nf  thf  NNH,  ;>.'*;,  .VorciKArr  Hi'. — Ai>artial  eclipse,  visible  ouly 
in  the  Antan-tie  <H'ean. 

A'Wipw  «/  Ihr  jtHN.  ;>.Vi>.  April  -«.— Total  eeliiise,  Wsible  only  in  tbe 
Southern  PwiAc:  no  oltservations  of  ini|K)rtance  reported. 

Erlip»f  o/  thr  M(M>a.  />.''^\  Mag  1 1. — The  phenomenon  of  tbe  partJal 

n'liikuinf  tiin  iiioon  on  May  II,  IWi.  was  stmlied  at  Greenwich  and 

tlic  <M-cultatiim  ofa  considerable  number  of  small  stars 

c  »iiii,  />9i*.  (tctolirr  ;ii, — Partial  eclipse,  visible  in  Nortli 
V  ulii^ervations  of^-ontm-ts  reported. 
<•  motiw.  ;■>•';*,  -Vorrwfcrc -I. — Tola!  eclip.<«  visible  gener- 
and  America-    Nn  oU-iervations  of  spei'ial  importanre. 

R    1'AEA1XA\    AM>    TIIK    TRA>SITSt  OF    VESIS. 

Sttitm  (ntHxir  »/  IVitMt  oAMrmftmM. — In  a  report  dstfd 
IS9I.  thi-  Sii|>erimendent  of  the  I'nited  States  Saval 
ate.'i  iliat  ui>  |tntvi^on  ha.«:  yet  tteen  made  for  pnblishinf; 
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ill  detail  tlie  work  of  tlii>  Aiiterieaii  partif's  iijHni  (lie  transit  o(  Venus 
in  1882 — a  tact  greatly  to  be  regretteil.  The  pnbiiciitiou  of  the  work 
upon  the  1874  traofiit  is  only  partly  irompleted  and  considerable  work 
still  remains  to  be  done  upon  the  reductions  for  1882,  though  resaltB 
for  the  solar  parallax  and  certain  olementa  of  th«  orbit  of  Venus,  which 
are  practically  final,  have  been  published.  8<»me  0(;<-nltatioD8  of  stars 
by  tbe  moon,  telegrapic  determinations  of  differences  of  longitude,  tidal 
obserrations.  and  pendulum  experiments  still  remain  to  be  reduced, 
(ac  which,  however,  no  funds  seem  to  be  available. 

Dr.  Auwers'  result*  for  the  Uerman  heliometer  measui-es  of  tbe 
transit  of  Venus  in  1874  is  a  solar  parallax  of  8" .877  :t  0".04;{,  there 
being  in  all  308  measures  at  four  different  stations;  in  1882  four  sta- 
tions were  occupied  and  44'i  measures  were  obtaineil.  the  resulting  i>ar- 
allaz  being  8".879  ±  0".037. 

Dr.  Batt^nnann,  of  the  Berlin  Observatory,  has  deduced  a  vahie  of 
the  solar  parallax  from  25()  occultatiuus  of  stars  between  April,  1884, 
and  October,  1885,  having  by  careful  observation  been  able  to  utilize 
the  occultationsof  a  considerable  number  of  faint  stiirKiiear  new  moon. 
The  resulting  solar  parallax  is  8".704  ±  0" .016. 

Tbe  determination  of  the  nolur  parallax  by  means  of  meridian  ob- 
.servations  of  >I:trs  at  op])osition  was  attempted!  in  1862,  and  again  in 
in  1877,  but  the  results  obtained  were  generally  considered  by  astron- 
omers as  too  large,  there  being  indications  of  a  systematic  error  in  the 
observations  of  Mars,  or  of  tbe  comparison  stars,  or  of  both.  A  slight 
modification  of  the  previoiis  methotls  of  observation  was  suggested  by 
Prof.  Eastman,  and  a  circular  was  issued  by  the  I'.  S.  Xaval  Observa- 
tory requesting  tbe  co<»i»eration  of  other  observatories  in  the  observa- 
tion of  Mars  during  the  op|iosition  in  the  summer  of  18il2. 


Mbrcubt  :  Diameter  of  Mfreiiry. — A  new  determination  of  the  diam- 
eter of  Mercnry  has  been  made  iiy  Mr.  Ambrounfn>m  heliometer  obser- 
vations at  Oiittingen.  the  mean  result  being  <>"..>80,  comparing  favor- 
ably with  the  generally  adopte^l  value. 

Transit  of  Mercury,  May  ft,  isg], — A  tiansit  of  Mercury  over  the  sun's 
disk  took  pla«-e  on  May  0, 1891,  the  first  since  Xovember  7, 1881.  The 
observation  of  these  transits  no  longer  possesses  si)ecial  imi>ortance,  as 
the  determination  of  the  solar  [)arall»x,  for  which  they  are  theoretically 
valoable,  can  now  be  made  more  accurately  by  other  means.  Ob- 
servations of  the  t-ontacts  between  the  disks  of  the  sun  and  planet  are 
useful  in  determinaticms  of  the  planet's  orbit  and  the  physical  phe- 
nomena are  sometimes  of  interest.    The  transit  on  .May !»,  1891,  was  only 

■  Aslron.  Naclir.  .Wfti.  r  :j  :ec  t>  CklOglc" 


714  pRoaiiKRs  or  astronomv  roi:  tsni  axd  isjk. 

intrtiitli.v  visible  in  IIih  CiutvtlHtJiU's.  Oii  llii- rm-itic  coast  Uie sun  wiW 
two  or  three  hours  lii;;h  at  tlie  tiini'  of  the  first  :ui(l  seeontl  eontai-ts;  it 
liiicl  set  ill  most  pliu-es  on  tlie  Atliiiitic  coast  before  the  first  coutuet. 
and  ill  Wiisliiii^toii  was  ouly  ten  minutes  Lij^h.  Reports  from  tweiity- 
flve  oljservors  in  tlie  Tniteil  States  have  been  forwuviled  to  the  Naval 
Obsei'vatory  for  lednction.  The  whole  transit  was  visible  in  China. 
Japan,  eastern  8il>eria,  ami  the  Malayaiau  Islands,  while  in  KiiRlHitd 
egress  t(H>k  phiec  soon  after  sunrise.  No  phenomena  of  sjieuial  imjior 
tanee  sei'in  to  have  been  imted.  In  Europe  sevei-al  observers  saw  the 
"blaek  di-op"  orlijriiment.  At  the  Liek  Observatory  a  earefnl  seriesof 
observations  was  made,  both  visual  and  photofjraphie,  aiid  the  planet 
was  looked  for.  but  without  success,  liefore  it  entered  upon  the  shq'r 
disk. 

For  more  than  an  hour  after  ingress  the  planet  was  alHoearefullir  ex- 
amined, with  the  .Ifi-inch  Liek  tclesc<)|>e,  by  Profs,  llolden  and  Keeler. 
It  "was  perfectly  i-oiind,  and  in  the  best  moments  sharply  temiinatiHl 
-  ■  ■  .  Not  tho  slightest  trace  of  a  satellite  was  seen:  and  both 
observers  were  eonlideni  that  no  such  body  could  then  l>e  on  the  sim's 
taee  and  escape  detection  unless  it  were  csceedins'Iy  minute' ."" 

Vksi'S. — The  conclusion  lenched  by  SchiaiKirelU  that  Venas  i-otates 
very  slowly  n)>on  its  axis,  in  fac^t  in  about  the  same,  time  that  it  rot-aies 
alHHit  the  sun,  has  liecn  challenged  by  several  observers.  .MItf.  Niesleii 
and  Stuyvaert.  of  the  Drnssels  Observatory,  have  given  the  matter 
careful  study,  und  M.  Trouvclot  has  pnblishc<l  a  series  of  observations 
and  sketches  from  187C  to  isnt.  fnnn  which  hu  eondndes  that  the  rotii 
tion  docs  not  differ  greatly  froin  twenty-four  hours. 

An  exhaustive  diseussion  of  recent  pablications  concerning  the 
physical  api>earance  of  Venus  is  printed  by  Dr.  Wislieenus  in  the 
Yierteljahrssebrift,  v.  27,  pp.  271-'J(H*.  It  is  quite  evident  that  farther 
accurate  observations  are  necessary. 

The  value  of  the  diameter  of  Venus,  dednced  by  l>r.  Auwers  from  the 
heliometer  measures  by  the  Ocrmaii  Transit  of  Venus  parties,  in  1874 
and  1882,  is  1C".8(I. 

Thk  Earth:  Vnriatum  of  terrexirial  latHiule. — One  of  the  most  im- 
portant subjects  that  has  been  under  discussion  during  the  past  two 
years — important  to  astronomy  and  geodesy  alike — is  the  variation  of 
terrestrial  latitudes,  the  strong  suspicion  of  which  has  Iteeii  coitfinned 
"by  recent  very  accurate  observations,  and  when  once  admitted  is 
abnudantly  fortifie<i  by  the  discussion  of  older  observations. 

There  seems  to  be  now  distinct  evidence  of  a  rotation  of  the  geo- 
graphical round  the  astronomical  pole  in  427  days.  The  problem  has  of 
course  attracted  the  attention  of  the  ablest  astronomers  and  inathenifl- 
tieians,  but  the  credit  for  the  ablest  discussion  and  the  most  satisfactory 
solution  is  undoubtedly  due  to  Mr.  S.C.  Chandler.  The  following  anm- 
■    '-"'    "  his  work  is  taken  from  a  review  in  the  Monthly  Kotitet  (v.  53, 

D.D.t.zeabvCit")Oglc 
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Mr.  Oliatxller'is  ubHervatiuiis  witb  tli(t  uliiiii(-iiiit<tr,  iti  IHM4  »iid  \1^>, 
first  KiiK;;e»t«d  tn  him,  not  only  tin-  possibility  of  a  variation  iiil»tituile, 
hut  the  Ittw  of  tbe  variation.  Twelve  months*  observations  wen^  of 
courHe  Dot  sutticient  to  eNtablisli  a  periodicity  of  fourteen  months, 
thoDf^h  tbey  mitrbt  suggest  it;  confirmation  war,  however,  funiishcd  by 
]>r.  Kiistner,  wlio,  in  his  det«rmiiiatioD  of  the  aberration  from  a  series 
of  obBcrvationa  coincident  in  time  with  those  of  the  almacantar,  came 
ui>ou  similar  anomalies.  Fnrther  evidence  bearing  on  the  (juestion  was 
forthcoming  in  the  parallel  determinations  at  BerHn,  Prague,  I'otsdani, 
and  I'nlkowa,  which  showed  changes  in  apparent  latitude,  not  only 
strikingly  sympathetic  among  themselves,  but  of  the  same  range  and 
periodicity  as  those  notic«>d  in  IHS'i;  and  Mr.  ('handler  "was  led  to 
make  further  investigations  on  the  subject,  which  seem  to  establish  the 
nature  of  the  law  of  these  changes,  and  pr^cei'ded  (1«01,  November)  to 
present  tliem  in  due  order.** 

The  consequent  series  of  papers  in  t\ie  Axtrmiomical  •Imonal  can 
hardly  fail  to  take  its  ]>liw:e  as  one  of  the  astnmoniical  classics.  The 
following  summary  is  made  purjHisely  very  brief  because  the  series  is 
not  yet  complete,  and  no  doubt  much  still  remains  to  be  said  on  such 
iiu  imiKirtant  subject.  But  it  will  be  seen  that  during  the  year  189a 
(including  perhaps  the  end  of  IWU)  a  most  impoi'tjint  advance  lias 
1>een  made  in  fundamental  astiimomy. 

The  first  paper  (regarding  that  already  mentione<l  as  preliminary) 
deals  with  the  observations  with  the  Pulkowa  vertical  circle  (18)>6- 
IrtTS),  '*  which  have  been  provocative  of  so  much  inquiry,  so  fur  without 
any  sidntiou  of  the  anomalies  which  they  show  in  regard  to  the  ques- 
tion of  latitude  variation,"  and  the  Washington  prime  vertical  ol)8erva- 
tions  (1862-1887),  "the  most  accurate  determinations  of  declination 
ever  made  at  the  Naval  Observatory,"  which  yet  "resulted  in  aurunalons 
values  of  the  aberration  ctmstant  in  the  difl'erent  ye»i-s  and  a  negative 
parallax  in  all."  Mr.  Chandler  finds  that  a  4l'T-day  perhKl  in  the  lati- 
tude "  furnishes  the  true  key  to  the  trout>iesonie  distiordances  in  the 
Palkowa  latitudes,"  and  "traces  to  their  origin  the  anomalies  in  the 
Washington  observations."  Fnrtlier,  the  coni)iarison  of  the  two  series 
leads  to  the  same  conclusion  as  that  already  shown  from  the  sinnd- 
taueous  series  at  Berlin  and  Cambridge  (T'nitcd  States)  in  188.~/  as  to 
the  direction  of  the  polar  motion.  In  the  next  paper  it  is  mentioned 
that  observations  at  Mellyonruc  (1«6;{-1HH4)  and  Leyden  (lHfi.f-1867) 
are  in  complete  accordance  with  those  made  at  the  same  time  at  Pul- 
kowa and  WashiU!;ton;  and  that  the  427-day  |)eriod  accounts  for  the 
con trwlietory  results  obtained  by  Dr.  Van  Hennekeler  at  Leyden.  The 
motion  of  the  earth's  ]K>le  for  the  )MTio«l  1860-!S7l»  is  thus  fairly  estab- 
lished. The  antbor  proceeds  to  consider  earlier  observations.  In  the 
papers  numbered  ;f  and  4,  the  systematic  errors  of  Bnulley's  observa- 
tions, which  were  n'duirc^  afresh  fi)r  this  purpose,  are  tliscnssed,  partic" 
hirly  the  collimation  error.     It  is  then  concluded  that  the  oltservati " 
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indk-aU'  a  i-otutiun  of  tim  i>t>\ii  iti  little  luoie  tliuii  ii  year  and  witli  a 
lar^r  radiuB  tliAii  tliat  of'I.'tfi)t-lH80,  the  raii^e  beiti};  about  1".  luthe 
»aine  iiapi^i' Mr,  Cliaudler  Ntat^^'R  that  BriiiklfivV  observations  at  Doth 
lin  (1808-1.S13  and  181j*-18l'2)  an-  found  to  indk-ate  a  rotation  in  about 
a  year,  with  mnge  more  than  1".  -'wberein  lies  the  solution  of  the  hith- 
erto unsolve*!  enigma  of  Brinkley's  singular  results  which  led  to  the 
spirited  and  almost  acrimoniouB  dispute  betwei-u  Brinkley  and  Pond 
with  regard  to  stellar  parallaxes.''  The  details  were  promisc^l  in  a 
later  paper^bnt  have  not  yet  been  given,  oiring  doubtless  to  the  ne- 
cessity of  attending  to  a  vitally  important  point  which  will  presently 
api>ear. 

In  papers  5  and  (i  are  preHented  the  results  of  an  cnorniouH  mass  of 
rednctions  extending  from  1837  to  1891,  inatle  at  no  fewer  than  seven- 
teen obBervatories.  The  whole  ia  broken  up  int^t  forty-fivi'  series,  or 
short  groups,  for  the  purposes  of  this  particular  discussion ;  and  the 
resnlt  of  this  minute  inriuiry,  confirmed  (or  |>erha]>s  suggested)  by  tl>e 
observations  of  Bradley  and  Brinklev  alwve  mentioned,  seemed  clear, 
viz,  that  the  "instantaneous  ntte  of  angular  motion  of  the  pole  liaa 
been  diminishing  during  the  last  half  century  at  a  sensibly  iinifonn 
rate,  by  its  one-hundred-thousandth  part." 

Mr.  Chandler  was  led  to  modify  this  statement  in  a  remarkable 
manner  and  within  a  few  wei-ks. 

Astronomers  had  hesitated  to  accept  the  427 -day  period,  even  in  face 
of  the  very  stiong  evidence  of  the  18(i«-188«  observations,  oning  to  the 
difiiculty  in  ac<'onntin{;  for  it  theoretically.  It  had  been  [Minted  out  by 
Kulcr  thai,  treating  the  earth  us  a  rigid  Innly.  the  period  of  rotation 
of  the  pole  must  be  ;iO(i  day.s.  Prof.  Neweonib,  however,  hajtpily 
pointed  out  that  a  <)ualified  rigidity  (either  aetual  viscosity  or  the 
composite  character  due  to  the  m-eun)  atfonled  an  eicplnnatitm  of  this 
longer  jJoriiMl ;  and  after  this  suggestion  Mr,  Chandler's  427  day 
pi'riod  was  well  and  e*en  warmly  received.  But  the  further  elabora- 
tion of  this  hypothesis  by  a  changing  |>eriod  was  a  new  ditlirulty. 

Prof.  Xeweomh.  who  had  re<'oncilcd  the  first  article  of  the  hyi>othesis 

with  theory,  was  not  slow  to  declare  that  the  second  was  irrecimeilable. 

Mr.,  Chandler's  i-eply.  in  ]taper  6.  is  a  mmle)  of  controversial  courtesy 

and  skill.    He  says:  ''It  should  first  l>e  said  that  in  beginning  these 

l»eralcly  put  aside  all  tea4'hings  of  theory,  because 

h  time  that  the  fa4-ts  shouhl  he  examined  by  n 

leesa;  that  the  nugatory  results  of  all  attempts  to 

?■  of  the  Knierian  period  pi'obably  anise  fnim  a 

itself;  aud  that   the  entangleit  condition  of  tlie 

■ed  that  it  should  be  examined  afresh  by  processes 

imTonceivwl  notions  whatever.     .    .     .    The  ap- 

,   treated   !rresi»ective  of  theory   in   the  present 

ows  that  a  rotation  of  the  pole  really  exists,  but 

but  0<^,S.-.  (for  IST.I),  and  (fcl  that  this  velo<-ityi8 
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KiiUJei't  tu  ii  rtlow  retardation,  wliicli  iu  its  turn  in  not  uuiforui  -  -  ■ 
Tlie  result  (a)  wiis  at  first  prououiiced  imiwssible,  and  it  i»  ttveii  uow 
wireyarded  in  some  quarters.  Pmf,  Sewcomb,  however,  so<iii  atW' 
found  tbe  defeat  in  the  theory,  and  i»  now  as  oordially  in  I'avor  of  the 
result  yiveu  by  observation  as  he  was  originally  against  it..  ■  -  ■ 
Now,  may  it  not  reasonably  Ix;  asked,  if  the  direct  deduction  fruin 
ohservatiou  has  led  to  the  correction  of  the  theory  in  the  first  par- 
ticular, is  it  beyond  hu[>c  tliat  it  may  do  so  in  re{;ard  t<>  the  second! '' 

Such  a  truly  scieutitic  attitude  inspires  coiilldenee  that  the  search  is 
being  rightly  condneted ;  but  the  most  sanguine  could  hardly  bo  pre- 
piired  for  the  reconciliation  of  observation  and  theory  in  the  very  next 
papor  of  tbe  series,  published  six  weeks  hiter. 

By  this  time  Mr.  Chandler  had  rearrauge4  hj»  material,  and  found, 
not  one  varmble  rotation  of  the  iK>le,  but  tipo  ivnttant  rotations  (with  n 
qualification),  one  in  427  days  and  theother  inabout  ayear.  Thequul- 
ilicatioQ  is  that  the  amplitude  of  tlic  latter  is  apiutrently  variable,  not 
the  perio<l.  The  superposition  of  these  two  rotations  is  almost  exactly 
equivalent,  for  the  observations  available,  to  the  law  (or  HUunnary  of 
observation,  as  it  might  fairly  be  called)  previously  announce*!.  To 
make  clear  the  no\eUy  i>f  this  discovery  it  uiiiy  lie  remarked  that, 
although  Huf'tuations  in  zenith  distances  of  annual  iicriod  have  long 
been  re(^ognized,  they  have  generally  been  ascribed  to  teni]>erature 
eH'ects,  iu  wliicb  eas4;  the  maxima  and  minima  for  all  stations  in  tbe 
Northern  Hemisphere  should  oc«ur  at  the  same  c^tocb — say,  midsninmer 
and  midwinter.  But  this  is  not  the  cas4;  with  the  animal  term  now 
revealed.  The  e^KM-h  changes  with  the  longitude,  showing  that  the 
pole  moves  Just  as  in  tbe  case  of  the  4:!7-day  t<;rm. 

It  it<  somewhat  remarkable  that  two  formuhe  dilfering  so  much 
iu  form  should  be  found  to  represent  the  observations  ulmost 
equally  well.  Apparently  this  is  to  lie  attributed  chietly  to  the  varia- 
bility in  amplitude  of  the  annual  term,  and  as  yet  this  variability  has 
not  been  accounted  for.  But  to  have  advanced  the  work  t4i  this  stage 
in  such  a  short  time  is  a  great  achievement,  and  much  may  confidently 
be  expected  frtim  Mr.  r'handler^s  future  work,  lie  points  out,  iu  a 
pajier  dated  January  2,  1893.  that  the  discovery  of  these  jieriodic  in- 
equalities in  the  latitude  maket<  it  ne«^eesary  to  go  over  mm-b  old  work 
afresh,  and  is  himself  leading  the  way  with  a  discrussion  of  tbe  aberra 
tiun  constant. 

In  the  same  pa^icr  he  shows  that  the  recent  results  obtained  at  Ber- 
lin, Prague,  Sti'asburg,  Pulkowa,  Itockville.  and  Honolulu  give  a  mear- 
C4irrectioD  to  his  final  formula  of  oidy  five  days  in  tbe  e|>och;  "and  tbf 
accordance  of  the  separate  values  is  high  testimony  t<i  the  skill  of  the 
observer*,  to  whom  astronomers  owe  a  deep  debt  of  gratitude  tor  their 
laborious  and  conscientious  work." 

SUnulard  (»»«r. — In  reviewing  the  recent  [irogrcss  nnide  in  tbe  intro 
ducCioD  of  uniform  standards  of  time  M.  Pasquier  states  that  iu  Uap 
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ailn  Piirliainent  has  declarud  as  legal  tho  uoriiial  hours  from  Ureeii- 
wicli  adopted  siuce  1883  by  railwayw  iind  lat«r  by  a  great  number  i>f 
towns.  In  England  a  commisaiou  lias  reported  favorably  otiou  tbc 
syBtem  of  hourly meridiano.  and  tbe  (Tovernmfut  lias  strongly  recom- 
mended it  to  the  colonics.  In  France,  Paris  mean  time  is  niwd  for  all 
tlie  country,  ini;liidiiig  Algeria.  In  Belgtnni  a  eommlMsion  has  recom 
mended  the  hourly  meridian  system,  with  Oreenwieh  as  the  starting 
point.  In  Holland  the  Government  huH  anthorized  the  adoption  of 
Greenwich  time  for  interior  railway  service,  lu  Prussia  mean  Kuro^ 
pean  time  (raittelenroi>aischeZeitiirM.  E.  Z,|  which  is  one  hour  greater 
than  Greenwich  time,  replaced  Berlin  time  from  tbe  1st  of  June,  1891, 
for  tho  railway  service  of  the  interior.  Bavaria,  Wlirtemberg,  and 
Baden  have  also  decided  on  M.  E.  Z..  which  will  aim)  be  used  in  AI- 
liace- Lorraine.  Austria  and  lluugary  adopted  M.  K.  Z.  from  October 
1,  1891,  for  lailway,  i>o8t,  and  telegraph  service,  and  there  is  a  strong 
feeling  for  its  adoption  in  civil  life.  In  Itidy,  atthe  instance  of  the 
Academy  of  Sciences  of  Bologna,  which  favors  the  meridian  of  Jeru- 
salem, there  was  a  plan  foraMseiublingii  new  cougi'e^s  at  Rome,  but  thiH 
however,  seems  to  liavf  bceu  abandoned.  There  is  here  as  well  as  in 
Switzerland  a  sti-ong  .sentiment  in  favor  of  GreenwirkaH  the  standard. 

At  the  ('ape  of  (iihhI  ll(i|>e  the  extension  of  railways  brought  about 
The  adoption  of  a  siiigleslaiid.ii'd  time  tlmiughout  the  i-oluny  in  Feb- 
ruary, 1882.  The  meridian  one  unci  one-hiilt'  hours  east  of  Greenwich 
is  in  use  liir  all  purposes  in  Cajie  ('ohuiy  and  th<-  Orange  Free  State, 
and  all  time  Migiuils  an-  given  at  Greenwicb  noon. 

Ska  ffliiirK. — The  alter-glowstliatattr.u-tedsomuch  attention  iu  ISM 
and  I8K4  shuwi'd  some  signs  of  return,  though  in  lesser  degre«>,  in  the 
early  part  of  1891.  The  tint  and  general  appearance  are  rei>orted  tu 
have  greatly  resembled  the  aun>ral  disjilays. 

The  8yst4;matic  study  of  these  "huninous  night  clouds'*  has  l»eeii 
taken  up  by  ['mf.  Foerster  and  Ilerr  Jesse,  of  the  Berlin  observat^irj'. 

The  MooH. — A  valuable  contribution  has  Ih-ch  made  to  the  study 
of  the  moon  in  "  An  essay  on  the  distribution  of  the  moon's  best  and 
its  variation  with  the  phase,"'  by  Mr.  F,W.  Very,  of  the  Allegheny  Ob- 
servatory— a  pai>er  wliicli  grained  the  prize  pro|>osed  in  Jnly,  18!)0,  hy 
the  Utre<lit  Society  of  ,\rt8  and  Sciences.  Mr.  Very's  iuvestigatioii 
was  made  wit!i  one  of  Langiey's  "liolonicrers,"  iind  the  prineij>al  residts 
may  best  be  describe*!  in  the  anthor^s  own  words  : 

First,  that  visible  rays  form  a.  much  larger  proiiortioii  of  the  total 
rtidiation  at  the  full  tban  at  the  partial  phases,  the  maximum  for  light 
being  much  more  pronounced  than  tliat  fo"  the  beat.  Nest,  ntt  tuts 
been  foreseen  fiom  the  ticcentricity  of  the  hejit  areas,  their  greater  ei- 
tension  toward  the  nesteni  timb,  and  tbe  greater  steepness  of  tbe  shu- 
set  than  of  tbe  sunrise  gradient,  the  diuiinution  of  the  heat  from  the 
full  l<>  tliethipltpiarter  issloweiTlnm  its  iiunease  from  theUrst  ouarter 
to  the  lull.  FiuiiUy,  there '»  a  fair  agrin-uieiit  In-lween  these  results  iind 
those  of  LiU'd  K<»ss»',  which  extends  even  to  some  nniior  details,  sucL 
its  tiie  attjiintiieiiE:  of  tbe  lugnest  heat  at  little  before  tbe  full. 
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111  a  diucusoiou  ot  tbe  uiuou's  iitmuspliere  Mr.  Uanyurd  exiiresses 
tilt:  opiniou  that  tlie  moon  cau  nut  liave  an  atinoBpliere  one  two-tliou- 
sandth  part  aa  dense.aa  tliat  of  tbe  earth  at  sea  level.  It  innst,  how- 
ever, be  retneiiiberud  that,  were  oar  atmosphere  traaxferred  to  the 
moon,  its  density  would  only  be  one  ttixth  what  it  ia  on  the  earth. 

i'rofesHor  Wcinek,  of  Prague,  who  han  Iteeu  making  a  special  study 
of  the  Lick  photographs  of  the  mouii,  has  detected  several  new  lills 
aad  craters  on  the  negatives. 

Mass. — Mars  was  in  opposition  to  the  sun  on  August  3,  1802,  and 
though  the  planet  was  also  at  this  time  very  favorably  situated  as  re- 
gards its  proximity  to  the  earth,  its  great  southern  declination  was  a 
serious  impediment  to  obtiervatiun  in  the  northern  hemisphere.  At 
the  Harvard  obiterv^toiy  station,  Areiiuipa,  Peru,  the  planet  was,  bow- 
ever,  almost  in  tbe  zenith,  and  full  advantage  was  taken  of  this  by  Prof. 
W.  H.  Pickering  and  his  assistants.  Many  of  Sehiaparelli's  canals  were 
identified ;  sumo  were  seen  double,  and  marked  changes  were  detected 
in  progress  in  various  parts  of  the  planet,  especially  in  the  neigbborliood 
of  the  Lwiu  Molig  or  Terhy  sea.  Pntf.  Pickering  and  other  observers 
detected  a  number  of  bright  u  lute  spots  besides  the  imlar  snow  cap. 

In  an  articU-  in  thf  March  number  of  LMs/roMUHiie,  18!U,  Flainmarioii 
describes  varioas  changes  in  the  topography  of  Mars,  the  most  striking 
nf  which  are  also  in  connection  with  the  Terby  sea.  Drawings  are 
given  of  its  appeuiauce  in  1877,  1.S79,  IKSl,  and  1890;  briefly,  it  seems 
to  have  undergone  cleavage,  and  while  some  former  ^-aftluent  canals'* 
have  disappeai'cd,  other  new  ones  have  developed.  The  strait  called 
Herschel  ir  has  been  transformed  into  a  straight  double  canal. 

JUPiTEE:  Jfint-ocnif  of  a  fifth  xattllile. — Thejnost  interestuig  as- 
tiouomical  event  of  the  .\ear  18!»2  was  the  discovery  by  Barnard,  with 
the  36-iiieb  Lick  eipiatorial,  on  ^'ptember  1>,  of  a  ttfth  satellite  of  the 
planet  Jupiter. 

Following  is  Prof.  Barnanl's  own  account  of  his  discovery,  in  describ- 
ing his  setiR'b  for  new  objects  in  the  Astronomical  .limrual: 

Nothing  of  special  imjiortance  was  enconiitei'ed  until  the  night  of 
September  9,  when,  iu  carefully  examining  the  immediate  region  of  the 
planet  Jupiter,  I  detecte^l  an  exceedingly  small  star  close  to  the  planet 
aud  near  the  third  satellite.  I  at  once  measured  the  distance  and  po- 
sition angle  with  refei-ence  to  satellite  itl.  I  then  tried  to  get  meas- 
ures i'eferre«l  to  Jupiter,  but  found  that  one  of  the  wires  had  got  broken, 
and  tbe  other  1iK>m>ntil.  llet'ore  anything  fnrther  coidd  Yte  iloiie  the 
object  disappcan'd  in  tlic  glare  about  Jupiter.  Thuugh  I  was  {xisitive 
the  object  was  a  new  satcllile,  I  had  only  tin-  one  set  of  mcasnivs,  which 
was  hardly  proof  emmgli  for  aimounicnient. 

I  repl}w;i-d  the  wires  the  next  morning.  The  next  night  with  the 
great  teleseoiie,  lieing  Prof,  Schaeberlc's.  lie  very  kindly  gjive  the  in- 
slnimeut  up  to  nu-,  and  I  had  the  plcitsiiic  of  verifying  the  discovery, 
and  K4!(Mii'ed  a  good  set  of  measures  iit  elongation. 

Just  what  the  magnitude  of  the  satellite  is  it  is  al  pies«.-nt  quite  ini- 
lto!*sil)le  to  tell.  Taking  into  consideration  its  imsition,  however,  in  the 
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glan  of  JupiKi',  it  would  perhap-s  uot  be  taiiitci'  thuii  tbe  thirtei-iitb 
mugiiitiide. 

Tbe  satellite  bas  beeii  seeii  aad  itaiKKSitioDob^ervedat  tbeUuiversity 
of  Virginia,  at  X'rincetoii,  at  Ealing,  uiid  at  Kvaiist^tti;  the  18^  iiicbre- 
I'riivtor  at  Kvaiistoii  l>eiiig  apparently  tbe  smallest  iQstrnmetit  witli 
which  it  has  thus  far  l>eeD  seen,  and  it  was  tben  reported  as  being  a 
rniicb  more  difficult  objei-t  than  Ariel  or  I'mbriel,  the  satellites  of 
Uruniis,  though  Mr.  Reed  with  tbe  23-incb  Princeton  glatt"  found  it 
an  easier  object  than  Ariel. 

Tbe  new  satellite'!}  orbit  seemu  to  He  sensibly  in  tbe  plane  of  ilupiter'i* 
equator;  the  distance  of  the  satellite  tixtm  tbe  center  of  tbe  planet  is 
probably  over  110,000  miles  and  its  [leriod  of  rotation  about  11'' 57"  37'. 

Diameter  of  Jupiter. — An  admirable  series  of  measures  of  tbe  diam- 
eter of  Jupiter,  by  Ur.  Schur,  with  tbe  Giittingen  heliometer,  is  pub- 
lished in  No.  3073  of  tlie  Aiitronomiscite  Naehrichten.  The  effect  of  per- 
sonal eijuation  wod  eliminatex)  by  tbe  use  of  a  reversion  prism  eye- 
piece. Dr.  Hchur  huds  tbe  disk  a  sensibly  true  ellipse  with  diameters 
-37",4  and  3o".«,  a  tlattening  of  l-lSj, 

Mr.  Burnham  communicated  to  the  November  meeting  of  the  Itoyal 
Astronomical  Society,  in  18111,  a  paper  on  the  spots  and  markings  of 
Jupiter  as  observed  with  the  12-incb  equatorial  of  the  Lick  Observatorj'. 
Noting  the  decided  changes  of  color  in  the  diftcront  markings  on  tlie 
planet's  surface,  he  expresses  tbe  opinion  tbat  the  red  color  is  an  indi- 
cation of  age,  or,  in  other  words,  when  a  spot  or  marking  other  than  tlie 
whitespotK  flrst  appearn  it  isdui-k  or  black,  but  after  some  time  turns  red. 
Uuriufi:  tbe  year  1891  tbe  planet  was  extremely  interesting,  owiugtothe 
rcnmrkablc  amount  and  variety  of  detail  displayed  on  its  surface.  The 
two  hemispheres  were,  as  usual,  strongly  in  contrast  in  their  individual 
markings.  In  the  southern  hemispliere,  besides  the  great  red  spot, 
uews|>otsap[>eared,  and  a  great  number  of  round  white  siiots  were  visi- 
ble.. These  white  spoti<  are  quite  rbaracteristie  of  the  southern  hemis- 
phere, though  individual  white  s|i(>ts  have  at  rare  intervals  been  scon 
in  the  northern  liemisphere.  In  tiie  lattera  system  of  small  dark  s]Kil» 
appeared,  with  very  short  [wrirHls  of  rotation.  Mr.  Bnrnham  reports 
that  the  great  red  spot  had  regained  much  of  its  former  distinctness, 
both  in  color  an<l  tbrm. 

i^ATUKN. — On  ijeptembei'  'i'l,  1891,  the  earth  passed  through  tlie 
plane  of  Saturn's  rings.  From  the  22d  of  the  month  to  October  30  the 
earth  was  above  the  plane  of  the  rings,  while  the  sun  was  below  that 
jilane  and,  consequently,  .-shining  on  the  simtheru  side  of  tbe  ring;^ 
Atter  October  30  the  sun  was  again  shining  on  the  north  side.  The 
phenomeuon  of  the  disa[>pearanee  of  the  rings  was  described  by  sev- 
eral observers. 

I'ltANrs, — A  search  tor  new  sutelliles  ma<Ic  by  several  observers  at 
the  Lick  Observatory  troui  I8sy  to  LStH  has  resulted  negjitively.    Tlie 
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olisei'Vt^rKwcretiiiti'tKeil  -that  iiuiiew  Katellite  half  a^  brif^Utas  Arivlat 
cloD(i;ation  exists  witliiu  tliv  orbit  of  rmbriel.  It  in  not  likely  tbat  any 
snfb  object  vxiaU  witliiii  the  orbit  of  Titania." 

yEPTU>'E. — Mr.  Asaph  Hall,  Jr.,  Rnda  that  obsvrvatioDS  of  thu  satel- 
lite with  tli«  2«-iuch  Washington  refrarfair  from  October,  1891,  Ut 
March.  1S92,  iMinflrm  tlie  reality  of  the  slow  motion,  nearly  proportional 
to  the  timv,  of  the  orbit  jiIuQe  of  the  satellite  with  renpeet  to  the  orbit 
of  N'eptauc,  to  which  Mr.  Marth  called  attention  and  which  M.  Tisse- 
rand  i^hows  in»y  resHlt  from  a  Kli;;lit  HatteniHR  of  the  planet. 

MINOE  PLANETS. 

AHtfrt)id»  <>f  lf*!)l. — Of  the  »!'teroids  announced  in  the  lattt  rei>ort, 
No.  28U  ba.t  been  uauu-d  Idea,  2!t6  Phaetusa,  297  Caecilia.  298  Bap- 
(istina,  299  Thora,  .'tito  (lerahUiia,  301  Bavariu.  An  asteroid,  discov- 
ered on  Noveniberl4, 1800,  byCharlois,  at  Nice,  and  subsequently  found 
to  be  a  new  one,  hat*  been  namotl  Clarisiia.  To  No.  ;123,  photographed 
by  I>r.  Wolf  yoveniber28  (the  first  asteroid  dis<overcd  by  phobtgraphy), 
he  has  given  the  name  Brneia,  in  honor  of  Miss  t'atberino  W.  Bruce, 
who  has  contributed  so  generously  for  the  advancement  of  astronomy. 

In  1S91  twenty-two  new  asteroids  were  added  to  the  gn)ap  revolving 
between  Mars  and  Jupiter,  and  ]>hotograpby  now  having  bet^tme  a 
imwerful  aid  in  the  detection  of  these  small  bodies,  the  number  still 
likely  to  be  found  seems  almost  If  initle»4s.  The  last  on  the  list  for  1891, 
Xo.  323,  was  dis<»vered  by  Dr.  Wolf  upon  Ids  photogi'aphic  plates. 
Another  at^teroid  was,  in  fact,  found  u|>on  the  same  plate,  hnt  it  prove<l 
to  be  identical  with  275  (Hapienlia). 

I'alisa,  on  August  14, 1891,  discovered  what  was  for  a  time  snpimsed 
to  be  a  new  ]»liinet,  but  it  was  found  to  l>e.  identical  with  140,  Medusa, 
discovered  in  18Tr>;  27.1,  which  had  not  been  seeu  since  the  opjwsition  ol' 
its  discovery  (1888),  has  been  found  again  by  the  aid  of  photography; 
313  is  interesting  from  tiie  almost  exa<rt  commensurability  of  its  pe- 
riod with  that  of  Jupiter. 

No.  302.  ('larissa  (discovered  November  1 4, 18!»0},  was  not  includeil  in 
the  last  list  published,  aiul  is,  therefore,  introduced  here  to  make  tlie 
lists  complete. 
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Asteroids  of  1893. — The  further  and  very  successful  application  of 
photography  to  the  discovery  of  asteroids  by  l>r.  Wolf,  at  Heidelberg, 
and  by  M.  Ohnrlois,  at  Xic«,  resulted  in  such  rapid  additions  to  the  list 
that  the  notation  of  these  bodies  was  thrown  into  the  utmost  con- 
fusion. Hitherto  the  simple  numbering  in  the  order  of  discovery  hdd 
been  a  rule  easily  applied  by  the  discoverer,  but  where  several  aster- 
oids were  found  upon  a  single  photographic  plate  it  was  not  always 
possible  to  determine  until  later  observations  and  computntioiis  whether 
tlicy  were  really  new  asteroids  or  not,  and  when  the  planetary  char- 
acter of  the  object  wns  recognized  it  was  frequently  fonud  imprinted 
upon  some  earlier  photograph. 

It  was  accordingly  suggested,  iu  No.  260  of  the  Antronomical  Jour- 
nal, that  as  a  temporary  omission  of  the  number  is  attended  with  less 
iufouvenieiice  than  is  eautied  by  the  employment  of  an  erroneous  one, 
the  numbers  for  the  asteroids  after  number  322  shonld  be  omitted 
until  the  difficult  task  of  fixing  a  definite  enumeration  should  be 
delegated  byrommim  consent  to  some  one  antbority  to  which  al)  vovM 
defer. 

Common  consent  seemed  to  point  to  the  Berliu  Kechen-Instilat  as 
the  oidy  ]>lace  actually  in  iH>sse.ssion  of  the  needful  resources  for 
solving  the  questions  of  identity  continually  arising,  and  it  was  agreed 
that  to  avoid  further  confusion  Prof.  Krueger,  director  of  the  Kiel 
observatory,  the  EuroiM-an  ■' Central-Stelle,"  aod  editor  of  the  Attro- 
nomisrlie  Xachriehten,  should  assign  to  eai-h  asteroid  a  provistonul 
notation  ( !8!I2  A,  18i»2  B.  ISiPi'  C,  etc.)  in  the  onler  of  its  annoani*- 
uient  to  the -'Telegraphische  Central  Stelle:"  and  that  the  definitive 
uarucration  should  b«'  Nub.-*e<juently  undertaken  by  I'rof.  Tietjen, 
director  of  the  Reclien-Institut.  in  Berlin.  In  this  definitis-e  assiffn- 
ment  of  numbers  thttse  asteroids  will  be  omitted,  for  which  sufficient 
material  is  not  available  for  a  determination  of  the  ^^^tAo|c 
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The  first  asteroid  t<>  whi<;li  tlie  new  Dotation  was  assigned  was  that 
di!4Covered  by  Wolf,  at  Heidelberg,  on  August  22,  1892;  it  was  pro- 
vi(«inna1ly  known  as  1892  A,  and  subsequently  received  its  more  per- 
maneut  designation,  number  333,  from  Prof.  Tietjen,  and  its  name, 
Badeiiia,  from  the  discover. 

In  1892  thirty  new  asteroids  were  nnnouneed;  one  of  these,  1892  B, 
has  already  proved  to  be  identical  with  Erigone,  Ui^i;  and  it  is  possible 
that  further  study  will  identify  some  of  the  others. 

Some  slight  discrepancies  are  still  found  in  the  different  lists  of  as- 
teroids for  the  year,  bnt  iim  tlie  new  system  of  notation  becomes  estab- 
lished they  will  probably  disappear. 

In  the  following  list  all  the  discoveries  were  by  pliotography  except 
3^,  326,327,  and  331.  lu  the  case  of  the  photogra|>li  ir  dlN^^overies  the 
(Iste  given  is  that  of  the  earliest  photograph  on  wiiich  tlie  planet  ap- 
pears. It  was  in  many  cases  not  noticed  on  the  plate  till  considerably 
later,  which  aceunntafor  the  departures  from  chronological  order  in  th« 
"date  of  discovery": 

LAH  of  minor  planeti  of  tSSt. 
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OBSEKVATORIES. 

The  chief  sources  of  information  couieniing  the  recent  work  of  ae 
tronomical  observatories  are  the  Vierteljalirsschri/t  der  AtfronomigclUK 
OeseUgcha/t,  for  continental  and  a  few  American  observatories,  and  the 
Monthly  Notices  for  English  observatories;  in  addition  to  tliese  are  the 
reports  of  the  observatories  themselves — tbongh  few  publish  independ- 
ent annual  rejwrts — and  notes  in  eurrcut  journals,  chiefly  the  Obgrrra- 
tfiry  and  the  Sidereal  Messenger. 

Tn  the  following  r^>4um^  the  length  of  the  notes  is  by  no  means  always 
in  proportion  to  the  impoi-tance  of  the  institution.  The  character  of 
the  work  of  the  older  observatories  is  generally  too  well  known  to 
ie<]uiremore  than  the  briefest  mention,  while  for  tbe  new  observa- 
tories an  eA'ort  is  made  to  put  on  record  as  much  information  with  re- 
ganl  to  the  equipment,  etc.,  as  can  be  found.  In  most  instances  it 
lias  not  seemed  necessary  to  distiugnish  between  the  two  years  covered 
by  the  review. 

Among  papers  of  interest  on  observatoriCR  is  a  series  of  notes  on 
visits  to  some  American  observatories  made  by  Mr.  II.  F.  Newall,  of 
tbe  (Jam bridge  Observatory,  England,  and  published  in  the  Observatory. 

Abastuman. — A  new  mountain  observatory  hat  been  established 
at  Abastuman  (3"  SI™  25"  E,  +  41°  41" .4).  It  is  4,5<H)  feet  above  se» 
level  and  is  equipped  with  a  flinch  teleacoiie  by  Bepsold. 

ADELAIDE:  Todtl. — Reobservation  of  Weisse  stars;  observations  of 
Jnpiter;  weather  service. 

Alabama  University. — An  astronomical  observatory  attat-hed  to 
the  University  of  Alabama,  near  Tuscaloosa,  was  completed  in  the  slim- 
mer of  1844.  The  building  was  originally  54  feet  in  length  by  22  iu 
liresidth  in  the  center.  In  185S  another  apartment,  40  feet  in  length  by 
2<t  in  width,  was  abided  to  tlie  east  wing.  The  instruments  consist  of 
a  4.inch  transit  circle  of  5-fcet  focus  by  Siinms,  the  circle  being  3  feet 
ill  diameter,  divided  to  five  mimites,  and  read  by  four  niicrosi'Opes  ti 
single  seconds;  a  clock  by  Molyneaux;  an  equatorial,  also  by  Simms,  of 
8  inches  aperture  and  lli  feet  focus,  provided  with  a  tilar  micrometer 
and  double  image  micrometer,  the  hour  circle  being  divided  to  one 
second  of  time  and  the  declination  circle  to  five  seconds  of  are.  read  by 
opposite  verniers.  As  an  accessory  to  tlie  equatorial  there  is  an  eieel- 
lent  clock  by  Dent.  Tliere  are  also  two  portable  achromatic  tele 
scopes — one  by  Dolland  of  7  feet  focal  length  and  4  inches  aperture, 
the  other  by  SJinms  of  't  feet  focnl  length  and  '.i  inches  ai>erture— iind 
reflecting  circle  by  Troughton,  of  10  inches  aperture,  read  by  three 
verniers  to  twenty  seconds. 

The  observatory  was  built  and  the  instruments  punthased  aiwi 
mounted  under  the  supervision  of  I'rof.  F.  A.  1'.  Barnard.  A  woodcut 
if  the  buihling  is  given  iu  nuiiiber  1.1  of  the  t>ublications  of  the  Astro- 
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tiomic-iil  Society  of  the  Pacific,  taken  from  llic  rciMirt  of  Wie  Uuited 
States  <  'oiiimissioiier  of  Education  for  188!t. 

Allegheny:  Keekr. — At  a  meeting  of  the  hoard  of  trusteea  of  the 
Westeru  University  of  Pennsylvania  on  May  11, 1S91,  J,  E.  Keeler,  of 
the  Lick  Observatory,  was  elected  profensor  of  astrophysics  in  the 
nniveraity  and  director  of  the  Allegheny  Observatory,  Mr.  F.  W.  \'ery 
being  associated  with  bim  aa  adjunct  professor  of  astronomy. 

Through  the  generosity  of  Mrs.  William  Thaw  the  oliseiTatory  has 
been  provided  with  a  very  powerful  spectroscope  by  Brasliear;  n  new 
driving  clock  was  presented  by  Mr.  William  Tliaw,  Jr. 

ARMAGH:  Preyer. — Microuetric  measures  of  nebalnc;  physical  ob- 
servations of  Jnpiter. 

Athens:  Hgiiiitis. — The  National  Astronomical  and  Meteorological 
Observatory  at  Athens  has  been  reorganized  under  the  dii'ectorsliip  of 
Prof.  Eginitis. 

Bamberg:  Hartwig. — The  largo  heliometer  of  184  mitlimeters  aper- 
ture baa  been  brought  into  regular  use.  Observations  of  variable  stars 
and  of  a  few  occultations  hnve  been  made,  besides  observations  for  the 
determination  of  change  of  latitude. 

Basel:  Rifigenbavh. — Instruction  of  students. 

Berlin:  Focrnlir. — Transit  circle  observations,  measures  of  double 
stars,  etc. 

Bebjiersidb  (Balifax):  CroHxley. — Measurement  of  double  stars; 
observation  of  the  pheuomeiin  of  Jupiter's  and  Saturn's  satellites.  Me- 
teorological observations. 

BiDSTON;  Sec  Liverpool. 

BiEK  Castle;  Eatl  of  Rouse. — Observations  for  lunar  heat.  Mete- 
oi-ologj-. 

Bonn:  Kiistner. — Prof.  Deichmiillev  was  succeeded  as  director  ou 
October  1, 18'JI,  by  Dr.  Kiistner.  Observation  of  the  ztme  -f40°  to 
+  oflo  was  completed. 

Boston  University. — A  small  observatory  has  been  erected  for 
purposes  of  instruction.  Lat.  +42'^  21'  32" .5;  long.  4''  44'"  l.V  west  of 
Ureenwich.  The  chief  iiistniinent  is  an  equatorial  of  7  inches  ajtertuie 
and  8  feet  1  iuch  focus,  objective  by  Olacey  ami  mounting  by  Saegmnller. 

Breslau:  Oalte. — Time  service  and  meteorological  observations. 
The  one  hundredth  anniversary  of  the  observatory  was  celebrated  in 
1891. 

Brussels:  Folie. — Cloudy  weather,  an  insuiticient  personnel,  and 
the  disturbance  incident  to  the  removal  of  the  observatory  to  Uccle 
greatly  interfered  with  the  work  of  1890.  M.Niesteu  has  continued  his 
obaervatiouB  on  the  i>hyaical  aspect  of  Men-nry,  Venus,  Mars,  and 
Jupiter,  with  the  38-centimeter(l.'i  inches)  equatorial.  Since  the  death 
of  M.  I''ievez  the  spectrosccqie  has  been  in  charge  of  M.  Sp^e. 

Budapest:  Konkoly. — The  new  observatory  of  the  Royal  Meteoro- 
logical Keichsanstalt  consists  of  a  transit  room  6^  meters  (21  l^t)  by 
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4  metern  [I'-i  feet)  and  a  i-oom  for  the  refractor  witb  »  dome  4|  meters 
(15  feet)  ill  diameter.  Tlie  instrumental  equipment  i»  very  meager, 
consisting  cbiefly  of  a  4j-iQcb  telescope,  a  transit,  clo<;k,  chrauometer, 
ehrouograpli,  electricnl  and  otlier  subsidiary  apparatus.  Tbe  director 
teportj*  but  little  astronomical  work  accompliabed. 

Cambridge  (En(;liind):  Ball. — Prof,  Adams  bas  been  succeeded  as 
director  by  Sir  Kobert  Ball.  Considerable  progress  bas  been  made 
upon  tUe  zone  work.  Tbe  25-incli  Sewall  refractor  lias  been  used  for 
physical  observations  of  planets  and  pbotograpliy  of  stellar  spectra. 
A  spectroscope  lias  been  provided  from  •'  tbe  Bruce  fund." 

Capb  op  (iooD  Hope:  Oill. — Transit  circle  obsei-vations  of  the  sun. 
mercury,  Veuus,  and  of  stars  for  a  Dew  ten-year  catalogue,  stars  oc- 
culted by  tbe  moon,  stars  emjiloyed  for  latitude  determinations,  etc; 
with  tbe  heliometer,  measures  for  stellar  parallax  and  measures  of  Jupi- 
ter's satellites  have  been  made,  and  witb  the  zenith  telescope,  after 
its  renovation,  observations  for  au  investigation  of  the  constant  of 
aberratiou.  The  photographic  work  has  consisted  of  miseeltaneoQ!! 
photographs  of  stars  and  planets,  in  addition  to  regular  astrophoto- 
grophic  charting. 

The  catalogue  of  the  Southern  Photographic  i>Krcft»iiw/et**iiijf  has 
been  made  ready  for  tbe  press. 

Carletoh  :  iVc  Ooodsell. 

Chambbrlin  :  Hoire — The  building  has  been  completed  at  a  cost  of 
«2u,U00. 

Chicago — See  Kenwood,  Yerkes. 

Columbia  (Missouri):  rprfeffrajf— Tbe  observatory  of  the  University 
of  Missouri  (lat.  +  38^  56'  50"  ;  long,  l"- 1"  6'.4  west  of  Washington) 
was  lirst  built  in  1853,  and  then  consisted  of  a  small  wooden  structure 
iu  which  were  mounted  a  4-inch  Fitz  equatorial,  a  2f>s-ineh  transit  by 
Bninner,  a  sidei-eal  clock,  and  other  smaller  instruments.  It  was  used 
for  the  purpose  of  instructing  students  in  astronomy,  and  few  changes 
or  uiUlttions  were  ma<le  tilt  18S0,  when  a  T^iuch  equatorial  by  Merz  & 
^lahliT  Wits  bought.  The  building  was  then  removed  to  another  part 
of  (he  college  grounds  and  enliu^red  by  the  erection  of  a  brick  tower, 
witb  a  dome,  for  tbe  uewty  acquired  telescope.  Soon  after  a  sidereal 
cliH-k.  a  chruDograpb,  and  siiectroscope,  all  by  Fautii  &  Co.,  were  par- 
chusetl.  A  2iuch  altazimuth,  by  Blunt,  of  Xew  York,  bad  been  bougbt 
some  ycarji  before.  The  dire^-tor  at  that  time  was  Prof.  Joseph  Fitt- 
Iiu,  who  dietl  in  September,  IS.-^;. 

l'rv>f.  Milton  l'|Hlegraff  wdk  appointed  director  iu  July,  18!W.  and 
while  niui-h  ttf  his  time  is  taken  up  in  teat^'hing  classes  iu  astronomy 
and  iuathematic:>,  he  ha.<  done  exi'ellent  work  iu  tbe  obaerratioo  of 
planets  and  citmets,  besides  a  ledetermination  of  latitude  an<l  lonKfi- 
tude.  tbe  latter  by  telegraphic  counei-tion  with  the  observatory  of 
Washington  rniversit}%  St.  Louis.  The  ol>servat<vy  building  has  been 
euburgetl  by  the  addition  of  au  office  lOom  and  a  Ubrwr. 
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Copenhagen:  Nielsen. — M.  Victor  Mielsen  at  his  private  olwerva- 
t«ry  has  a  7J  inch  refractor  by  Eeinfrlder  aud  Uertel,  tlie  objective  of 
Jena  glass.    The  work  has  been  cbieily  upon  the  mooD. 

CbowbobOVGH  Hill  :  Roberta. — Mr.  Isaac  Roberts'  new  observatory 
is  one  of  the  highest  points  in  the  south  of  l'3u^laiid,  780  feet  above 
sea  level.  The  hemispherical  dome  lias  two  slits  to  effect  thorongb  ven- 
tilation. Photographs  of  stars,  jilanets,  nebnlu;,  and  clusters.  A  pho- 
tographic search  has  been  made  for  a  traiis-Neptniilan  planet. 

Dakota  Agbicultubal  College  (Brookings,  Dakota.)— Fonndcd 
in  1891 ;  equipment,  5-inch  equatorial,  2-inch  transit,  clock  and  chrono- 
graph. 

Denver. — See  Chaniberlin. 

Dbbsden  :  Dr.  B.  von  Engelhardt. — Observations  of  coiuetN,  nebulte 
and  asteroids,  aud  micrometric  measures  of  Bradley  stars. 

Dudley:  Bosv. — Miss  Catherine  Wolfe  Bruce,  of  New  York  city, 
who  is  already  known  for  her  muiiiticent  gifts  in  aid  of  astronomy,  has 
given  $25,000  to  the  Dadley  Observatory  for  the  increase  of  its  pertoa- 
neut  endowment.  From  varions  sources  the  additional  sum  of  $31,700 
has  been  secured  to  defray  the  cost  of  rebuilding  the  observatory  ou  a 
new  site  and  of  furnishing  it  with  anew  equatorial  of  ]2iuclicsaperture,  to- 
gether with  other  ifuprovemeiits  in  its  equipment.  The  cost  of  the 
telesc^ope  is  provided  for  by  Robert  G.  and  Charles  L.  I'ruyn;  it  is  to 
be  of  tbe  most  approved  modem  construction.  The  cost  of  re-estub- 
lishing  the  Olcott  meridian  circle  (8  inches  aperture),  constructed 
by  Pistor  and  Martins,  of  Berlin,  in  1858,  together  with  a  colliinating 
meridian  mark  and  other  improvements,  is  also  provided  for.  The 
old  site  is  very  unfavorable  to  astronomical  obrterviition,  owing  to  its 
proximity  to  the  four  tracks  of  the  New  York  Central  Railroad,  which 
with  a  very  heavy  trafBc,  group  around  the  base  of  Observatory  Hiil 
at  a  distance  of  about  150  yards  from  the  instruments.  The  new  site  is 
about  2  miles  southwest  of  the  present  location  upon  a  jdot  of  about  6 
acres. 

DtTNSlNK :  Rambaut, — On  February  20, 1892,  Sir  Robert  Ball  was  ap- 
]K>inted  to  succeed  Prof.  Adama  at  Cambridge,  and  the  vacancy  in  the 
diroctorslUp  of  the  Dunsink  Observatory  was  filled  October  22  by  the 
ap]>ointmeut  of  Dr.  A.  A.  Bambaut.  Dr.  Kambaut's  assistant  is  Mr. 
A.  E.  Lyster.  The  15-incIi  reflector  has  been  used  for  stellar  photog- 
raphy, principally  for  determinations  of  stellar  parallax. 

Dussbldobf:  Luther. — Observations  of  asteroids  and  computation 
of  ephemerides.  The  passage  of  railroad  trains  at  a  distance  of  320 
meters  from  the  observatory  has  not  seriously  interfered  with  the  ob- 
servations. 

Ealing  :  Common. — An  excellent  5-foot  mirror  and  a  new  grating 
sjiectroacope  have  been  made  for  the  great  telescope.    Photographs 
of  nebnlfe  and  of  the  moon  have  been  taken. 
'    Epihbubgh  ;  Copeland. — The  reduction  of  the  meiidlan  observations 
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of  iiebuliB  has  been  undcrtakeD  and  some  further  ubservatioDS  Lave 
been  made  at  Duneclit,  but  little  observing  has  been  doae  pcading  the 
eom[i1etiou  of  tbe  new  baildings.  The  main  building  of  the  new  ob- 
servatory is  to  bo  18U  feet  from  east  to  west,  termiEiatingiD  twotowern 
surmounted  by  domes,  or  rather  "drums."  The  eastern  tower,  ri»ug 
b)  a  height  of  75  feet,  will  contain  the  15-incli  Giiibb  refractor,  whUe 
the  24-iuch  redector  from  the  old  site  at  Caltoii  mil  will  be  mounted 
in  the  westeni  dome.  A  single  range  of  rooms,  opening  on  a  corridor 
on  tbe  south,  extends  from  tower  to  tower.  The  roof  is  designed  as 
an  asphalted  platform,  affording  fi-ee  communication  between  the 
towers.  Beginning  at  tbe  wei4t  there  are  a  spectroscope  room,  genenil 
laboratory,  electrical  room,  cleaning  room,  mechanic's  workshop,  chrono- 
graph and  class  room.  Light  and  dark  photographic  I'ooms,  as  well 
as  a  computing  room  for  the  equatorial  aud  photographic  work,  are  iu 
the  eastern  tower.  A  central  extension  of  the  building  toward  tlie 
south,  80  feet  by  26  feet,  will  contaiu  the  chief  computing  room,  hall- 
way, et«,,  direct^tr's  i"Ooiii,  and  fire-proof  library — 34  feet  by  23  feet 
with  a  light  iron  g:illery  affoi'ding  access  to  the  upper  shelves.  An  up- 
per story  to  the  southern  part  of  this  portion  of  the  building,  fiO  feet 
in  length,  is  designed  tor  optical  work.  In  the  basement  will  be  placed 
the  heating  ai>panitu3,  a  dynamo,  and  accnmnlators  for  supplying  elec- 
tricity for  lighting  the  observatory  and  illuminating  the  instrument-*. 
In  the  observatory  there  will  thus  be  but  one  chimney. 

The  transit  circle  will  be  in  a  separate  building,  with  light  walls  aud 
roof  of  corrugated  iron,  SO  foet  west  of  the  western  tower,  aecessible  by 
a  covered  way.  The  remaining  buildings  aro  the  astronomer's  house, 
two  assistants'  houses,  and  a  gate  lodge. 

Geneva:  Oautier.— Col.  Emile  Gautier  died  on  February  24, 1891, 
and  was  snrceeded  in  the  directorship  by  his  son,  K.  (iautier.  Tlie 
principal  work  of  the  observatory  is  the  testing  of  watches  and  chro- 
nometers, and  meteorological  observations.  A  number  of  obaervatious 
of  comets  have  also  been  made. 

Glasgow. — Meridian  circle  observations. 

GoTTiNOES :  l^fhur. — Observations  of  asteroids,  comets,  and  Prieaepe, 
and  measures  for  stellar  parallax;  regular  meridian  observations,  aud 
physical  observations  of  the  moon,  Jupiter,  Saturn  and  Uranus. 

GooDSELL:  I'ayne. — Tlie  observatory  of  Carleton  College  received  a 
new  name,  in  honor  of  Mr.  C.  F.  Goodsell.  the  founder  of  Carleton  Col- 
lege, on  June  11, 1891. 

The  new  Williams  equatorial,  costing  $15,000,  was  installed  in  1891. 
Its  clear  ajwrture  is  IC.2  inches  and  tbcai  length  22  feet,  the  lenses 
having  been  figured  by  Brashear  upon  Bastings'  curves  and  the  mount- 
ing provided  by  Wnmer  and  Swasey. 

GoTHA :  ffarzer.— Reduction  of  previous  observntions.  The  director's 
time  has  been  given  almost  entirely  to  lectures  and  to  his  theoretical 
Investigations. 
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(■HKKNWiCH:  Vhriiftti: — Tbe  regular  work  of  theobservatory  has  been 
eontiiiued  much  the  Rttine  a»  ill  previous  yeiirB,  an<l  in  addition  astro- 
photographiti  observations  have  grown  to  ha  a  jtart  of  the  rontine, 
more  especially  tlie  catalogue  of  guide  stars  for  the  idiotojjTaphic  ebart. 
A  9-iuch  Grubb  photographic  telescope  lias  been  presented  to  the 
observatory  by  8ir  Henry  Tliotn|isoii  luid  has  lietiii  mounted  on  the 
Liissell  equatorial  as  a  photoheliograpb.  The  erection  of  the  new 
3fi-f(Kit  dome,  which  ia  to  cover  the  ^Sinrh  retractor,  was  ijegiiii  in 
December,  1892.  A  discussion  of  Greeuwicli  obst^rvations  from  ISSI 
to  the  present  time  by  Mr,  Tliackeray  has  furnished  a  very  satis- 
factory confirmation  of  Mr.  Chandler's  doubly  periodic  variation  of  the 
hititude  (in  about  3I>5  and  427  days,  i-eHi>e(tiveIy).  A  successful  longi- 
tude campaign  has  been  carried  on  with  Mimtreul,  and  the  ditference  of 
longitude  between  Greenwich  and  Taris  lias  been  redetermined  by 
Koglish  and  French  observers.  Some  additions  t<>  the  eiiuipnieiit  have 
l)ecu  made  and  the  details  of  an  electric-light  instalhitiun  have  been 
settled. 

IIahburo  :  Riimker. — Observations  of  comets,  asteroids,  and  compar- 
ison stars;  chronometer  work  for  the  (Jerman  navy;  meteorological  ob- 
servations, and  time  service. 

llARTAKD(JoLL£tiE:  Plckettng. — With  tlie  meridian  circle  tiie  obser- 
vation of  stars  in  the  stmthern  Dnrchm  listening  zone{— 9°  .W  to— 14^ 
10' )  has  advanced  towani  completion.  The  15-inch  cfinatorial  has 
been  employed  on  observations  partly  ])hutom(>tric  and  partly  micro- 
metric,  while  the  principal  work  done  with  the  west  equatorial  has 
been  the  study  by  Argelander's  method  oftlie  changes  in  the  light  of  the 
variatile  stars  of  long  period. 

Photographic  observations,  jirovided  for  by  the  Henry  ])raper  me- 
morial, have  been  carried  on  continuously,  generally  throughout  every 
clear  night,  and  with  the  aid  of  three  telescoi>es. 

An  attempt  to  secure  a  suitable  location  for  the  Hoyden  Fund  observ- 
ing station  on  Wilson's  I'e«k,  in  southern  Oalifornia,  proved  unsuccess- 
ful, bat  an  expedition  sent  out  to  Peru,  under  the  direction  of  Prof. 
W.  H.  Pickering,  Iclt  Cambridge  in  December,  IKJMlj  and  establii<hed 
a  station  alHiut  3  miles  northwest  of  Arequipa,  where  a  13-inch 
equatorial  was  mounted  and  observations  were  cximmenced.  The 
station  is  over  8,00»  feet  abtne  sea  level,  and  has  a  nearly  cloudless 
sky  during  a  large  part  of  the  year;  the  thermometer  rarely  falls  be- 
low 40"  F.,  and  rarely  goes  above  70^.  The  brilliancy  of  the  stars  ia 
most  strikiogj  stars  of  the  6.5  magnitude  are  picked  out  easily  with 
the  naked  eye,  the  eleven  Pleiades  can  be  counted,  and  the  Gegen- 
scbeio  can  be  readily  seen  any  evening  after  !t  o'clock. 

The  Harvard  Observatory  time  service,  which  had  been  in  operation 
with  but  little  inti-rrnptioa  since  1856,  was  discontinued  after  March 
;tl,  1892,  having  become  financially  unprofitable,  by  reason  of  the  fact 
that  time  signals  from  the   United  States  Naval  Ubsorvatory  were 
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ofifercd  to  the  public  in  Boston  tliroiigli  tiie  Wosteiu  I'liion  TelepTaiih 
Coiiiiiany  at  a  lowt-r  rate  than  they  tituld  be  furnished  by  the  Harvard 
Observattiry. 

Hathorn  (Saratoga  Siirinjrg,  X,  Y,):  del  Corral. — IMiysical  obsena- 
tiona  of  Jupiter  with  a  G-iueh  telescope. 

Haverfoed  CoLLHtiE:  Learen Worth. —Work  on  stellar  parallax; 
Hun-iipot  ob.servatioiiB. 

Heidelberg:  Wolf. — Stellar  jdiotogi-aphy,  |)tiot^iuetric  observa. 
tious.  Prof.  Wolf  has  been  very  8uceesBfol  in  the  discoverj'  of  new 
asteroids  by  photo grajiby. 

HEK^Ny;  ron  Qothard. — Spect^o8<^opic  researches;  photof^raphy  of 
iiebiilie;  observations  of  variable  sbtrs;  meteorological  observatious: 
tiuie  service,  and  computation.^  of  asteroids. 

HONGKOKC.:  Doberck. — Time  service;  meteorological  aufl  magnetic 
observations. 

Iowa  University:  Weld. — A  student's  astronomical  observatory 
has  recently  been  established  at  the  State  ITniveraity  of  loiva,  lona 
City,  under  the  direction  of  Prof.  L,  G.  Wold.  The  main  building  is  12 
t^eet  square,  capped  by  a  cylindrical  turret  iu  which  i»  mountt^  a 
Grubb  equatorial  of  5  Inches  aperture,  and  TTj  inches  foi-al  length;  a 
Wiirdemann  transit  of  1^  inches  aperture  and  21inches  focus  is  uoitnted 
in  a  wing  10  by  12  feet.  Subsidiary  apparatus  consists  of  a  -l-innh 
portable  Fitz  equatorial,  clock,  chronomftter,  and  chronograph, 

Jackson  (Mich.) — Small  private  observatory  of  Mr.  U.  W.  Lawtoii. 

Jena:  Knopf. — The  observatory  was  founded  in  1812  by  the  Grand 
Duke  of  Saxe- Weimar.  Observations  of  comets,  occultations,  phenom- 
ena of  Jupiter's  satellites,  variable  star  observations;  time  service; 
meteorology.  A  new  equatorial  of  20  centimeters  {7.9  inches)  aperture 
and  3  meters  (9.8  feet)  has  been  installed. 

KalocsA:  Fenyi. — Solar  and  meteorological  observations. 

Kenwood:  Hale. — The  Kenwood  Physical  Observatory,  the  private 
observatory  of  Prof.  George  E.  Hale,  had  its  inception  in  a  si>e«tro- 
scopic  laboratory  erected  in  (Jbicago  iu  the  summer  of  1888.  The 
addition  of  a  tower  and  wing  during  the  winter  of  1890-'91  brought 
the  building  to  its  present  form,  and  it  now  includes  a  receptioD  room, 
library,  equatorial  room,  "alit  room,"  "grating  room,"  photographic 
dark  room,  general  laboratory,  and  workshop.  The  grating  room 
contains  a  4-inch   concave   grating  of  10  feet  radius  of  curvature, 

i_j   ...   iL-^  manner  employed    by   Prof.   Rowland.     A   8bort«r 

i  use  of  a  grating  of  only  5  feet  radius  in  cases  when 
is  too  faint  to  admit  of  the  highest  dispersion.  Sud- 
1  by  a  heliostat  on  a  pier  some  diBtauce  to  the  north 
Electrical  jtower  is  supplied  through  a  gas  engine 
«ry  and  also  from  the  main  city  wires, 
of  the  equatorial  was  finished  in  March,  1891,  by 
ra«ey,  and  the  excellent  12.2-inch  object  glass,  figiii'ed 

D.D.t.zea  by  Google 
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froiuDr.  Hastings's  calciiliitioii,  by  Brasliisar,  was  iu  place  aud  ready  for 
use  ill  April,  1891.  The  Bi»ectro scope  la  liirge,  the  objectives  btiiug 
alike  aud  of  3J  inches  clear  aperture  and  42J  inches  focus,  concerted  for 
work  iQ  the  visual  region.  The  giatinj;  is  a  4-iuch  flat,  iu  addition  top 
whii'h  there  is  a  30°  white  flint  prism.  A  second  photographic  objec-n 
live  of  exactly  the  same  aperture  and  focal  length  as  the  visual  glass 
will  be  provided  and  a  double  tube  will  replmie  the  single  tube,  the  "^ 
object  glass  being  so  supported  that  either  one  may  be  used  on  either 
tnbe. 

The  observatory  was  formidly  dedicated  ou  June  15,  1891;  it  has 
been  incorporated  under  tlie  laws  of  the  Stattt  of  Illinois  and  its  con- 
trol is  vested  in  a  board  of  trustees.  Tlie  plan  of  work  includes  a  study 
of  solar  phenomeua,  with  esjiecial  attention  to  spectroscopic  investiga- 
tions of  the  spots,  chromosphere,  and  prominences.  An  interesting  and 
well-illustrated  description  of  the  observatory,  together  with  an  address 
delivered  at  the  dedication  by  Prof.  Young,  is  published  in  the  Sidereal 
Messenger  for  August,  1891. 

Kiel:  Krueger. — ■'Centralstelle  fiir  ustronomische  Telegramme." 
8|)ectro9Copic  and  jihotonietric  observations,  observations  of  comets 
and  asteroids  and  <-omput»tions  of  orbits  aud  ephemerides. 

Konigsbebg:  C.  W.  F.  Vetern. — Meridian  obseri-ations,  helioineter 
meiisures  of  double  titars,  and  for  parallax ;  observations  of  comets  and 
of  the  moon.    Meteorology. 

KbemsmOnsteb:  ^yagner. — Ob.ser  vat  ions  of  comets  and  sun  spots. 
Time  service,  meteorological  and  magnetic  observations. 

LadI):  Upton. — Ttie  Ladd  observatory  was  formally  presented  to 
Brown  University,  Providence,  K.  1.,  by  Governor  Ladd  on  October  21, 
1801.  The  building  and  equipiuent  have  cost  nearly  $30,000.  The 
main  part  of  the  building  is  43  by  27  feet,  aud  the  trausit  room  25  by 
15  feet.  The  chief  instrument  is  au  equatorial  of  12.2  inches  aiierture, 
objective  by  Brashear,  and  mounting  by  Saegmuller.  It  is  one  of  three 
recently  made  by  Mr.  Brashear  from  the  formula;  of  Prof.  C.  S.  Hast- 
ings. The  mounting  embodies  several  convenient  devices.  The  spec- 
troscope, which  is  of  special  excellence,  is  by  Brashear, 

The  clock  room  is  a  chamber  in  the  equatorial  pier,  and  contains  a 
Howard  sidereal  and  a  Molyneaux  mean  time  clock.  The  otlier  instm- 
menta  are  a  3  inch  portable  transit  by  Saegmuller;  a  smaller  trausit  for 
students'  use,  a  Warner  and  Swasey  chronograph,  several  chronom- 
eters and  sextants,  a  barograph,  therniograpJi,  and  recording  Iiygrom- 
eter  by  Richard  Fr^res,  a  recording  rain  aud  suow  gauge  by  Ferguson, 
and  ordinary  meteorological  instruments.  The  observatory  is  designed 
j)rimarily  for  the  instruction  of  students,  but  also  for  research,  and  the 
equipment  has  been  planned  for  a  possible  extension  of  tlie  latter  as 
the  resources  of  the  observatory  may  allow.  The  director  is  Prof. 
Winslow  Upton. 
Leipzig:  B.Brum. — Parallax  measures  of  stars  with  large  proper 
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motioiiti,  observatiuus  ol'  planets  imd  aMU-roida,  Zone  work  +5°  to  + 
lli°,  and  +10'-'  to  +15°;  triangiilatioii  of  trnpeziiiin  of  Orimi.  Tirnf 
service  sind  meteorological  observations. 

LiOK:  Holden. — A  new  building  lias  been  ci'ect^'d  to  cover  the  Wil- 
lard  piiotogra[>liie  lens  (aiMjrtiire  5.y  iuclies.  focal  length  'Al  inches),  and 
its  mounting  by  Brashear,  presented  by  Hon.  C.  F.  Crocker.  The  dome 
is  10  feet  in  diameter,  and  attiielied  to  it  is  a  photographie  ilark  room 
liboiit  10  by  11  feet. 

A  graduute  school  of  astronomy  has  been  established  at  the  Lick 
Observatory  as  a  part  of  the  graduate  system  of  the  University  of  Cali- 
fornia, and  a  special  fund  established  by  Mrs.  Phebe  Hearst  is  in  ]iart 
available  for  the  exi>ensps  of  ixlvauced  students  elected  fellows  by 
the  regents. 

IJarnard'sdisfovery  of  a  (iftli  sjitellite  of  Jupiter  with  the  .iii-inch  re- 
fractor has  bwn  i-eferred  to  elst'wheie. 

Liken::  F'liie. — This  observatory  is  attached  to  the  Itoyal  Observa- 
tory at  Bnissels.  nud  its  observations  are  published  iu  the  Brussels 
volumes.  Much  excellent  theoretial  work  has  been  done  by  il.  de  Ball 
while  awaiting  repairs  to  the  meridian  circle. 

LiVEKPOOL :  Plumiuer. — Time  service,  chronometers,  meteorological 
observations.  The  8-ineh  equatorial  has  been  use^l  in  the  systematic 
observation  of  comets. 

LrsD:  Folkc  Engstivm. — Work  ou  zone  +35-  to  +40-. 

McCoRMiCK:  AVofif. — Prof.  Stone  has  pablishe^l  a  contiunatioa  of 
the  Bonn  Durchmnsterung,  uixm  which  he  has  been  engaged  for  a 
number  of  yeais. 

Madras:  Smith. — Mr.  C.  Miehie  Smith,  since  the  death  of  Mr.  Fog- 
son,  has  beea  chiefly  eugageil  in  pushing  forward  the  publication  <J 
i>bservalions  of  earlier  years.  Oliservatious  other  than  those  rwjaiiHl 
for  the  efficient  maintenance  of  the  time  service  have  been  entire!)' 
snbt>rdinate4i  to  the  work  of  publication.  Two  volumes  of  the  valuahie 
.Vnrinw  .Wfiirfi'iit  Cirrlr  (HHterratioH*  have  been  issued. 

Mbluoukne:  Ellrrif. — Meridian  circle  work  ha»  been  euutinned. 
The  photographic  telesco)"e  wi^s  mounletl  in  -Tanuary,  ISiH,  and  cousid- 
enible  pn^n^ss  has  been  made  towards  the  photographic  cittalogae. 
Meteorological  and  inagnetic  observations,  time  service,  and  chronom- 
eter rating  have  In'eu  kept  ui>,  but  the  otlse^^■ato^y  has  been  serionsJy 
crippled  by  the  rvduetioii  of  its  appropriation!;,  necessitating  the  retire- 
ment of  two  assistant.-*. 

MIL.VX:  {>rki.ifnirrlli. — Me:isnTemeu(s  of  double  Stars;  preparatiou^ 
for  a  cttt»h>gue  ot  1,10»  stars,  zone  +1**  to  +)J-  observed  from  1.S60  tu 
1ST:;.     Longitode  work,  time  serrice,  and  magnetic  ot>servMimns. 

MlsjiissiPi'i  rsiVKRSlTV:  Fw.Vhh,— I'nder  date  of  July  6.  1891.  it 
WAS re|torte*l  ,Sid,  Mess,,  St».  !»7i  that  a  -twin  ei)uatorial~  (a  15-iurh 
visual  lele«'0]H'  and  a  tt-im-h  photographic  telescope  side  byaideootbe 
SMue  monntingi  was  nnder  cmsimction  by  Gmbb. 

r.,-,..:,GoOglc 
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Mount  IIolyoke  (SiHitli  Hadley,  Mass.) — Suu-spot  observations. 

Mount  Kosa. — A  uinall  observatory  is  in  course  of  ooiistructiou  on 
Monnt  Kosa,  15,000  feet  above  sea  Ituvel,  consisting  of  a  wootlen  but  10 
by  30  feet. 

MUNioii:  Seeliger. — A  new  Repsold  6-iiiefa  meridian  circle  vas 
mounted  iu  July,  ISill.  Observationsof  comets  and  of  S&taru  with  tbe 
lO^-iucli  refra«itor;  investigationw  of  persona)  equation  dependent  on 
tlie  magnitudes  of  stars;  longitude  work,  meteorological  observations. 

Satal. — Observations  of  the  Mooifs  p(>sitiaii  aud  of  Mars. 

O'GVAIXA:  Konkoly. — Observations  of  sun  spots,  drawings  of  Jupi- 
ter; a  few  spet'troscopic  observations  and  some  pliotogra]ihio  experi- 
ments. Mucli  time  has  been  spent  in  the  reorganization  of  tlie  Gov- 
eriiiuent  Meteorological  Bureau. 

Oxford  (University), — ^The  series  of  observations  for  determining 
by  photography  tbe  parallax  of  about  30  stars  chiefiy  of  the  second 
magnitude  hns  been  completed  and  tbe  results  published.  Much  time 
has  t>een  spent  in  the  preparation  of  the  new  instruments  to  be  used 
on  the  interuational  chart  of  the  heavens,  and  a  considerable  number 
of  plates  comprised  in  tbe  zone  assigned  to  Oxford  have  been  completed. 
K\i>enmentnl  work  has  also  been  done  for  the  committee  in  charge  of 
the  international  chart. 

A  eonveuient  observatory  has  been  erected  contigjious  to  tbe  main 
building  for  the  e,\clu8ive  useof  university  students.  This  observatory 
infurnished  with  two  small  transit  circles,  three  telescopes,  one  of  which 
18  a  reflector  of  15  inches  ai)erture,  and  subsi<liary  apparatus. 

PABIS:  TintieranA. — Iu  tlie  report  for  1891  the  director  stated  that 
the  (iamhey  circle  hud  been  applied  to  tbe  investigation  of  the  latitude 
and  the  question  of  its  variation ;  observations  to  determine  the  con- 
stant of  aberration  were  completed,  and  besides  the  usual  planetary 
and  comctary  observations,  a  considerable  number  of  measuremeuts  of 
double  stars  and  micrometrie  measures  of  nebuhe  were  niadi^ 

Photographic  work  upon  the  great  chart  and  upon  the  moon  has 
been  continued,  and  the  newly  organized  department  of  spectroscopy 
\VA»  obtainetl  interesting  results  under  M.  Deslandrcs. 

Tiie  report  for  181)2  contains  a  tribute  to  Admiral  Moucboz,  the  late 
director,  an  account  of  gratifying  progress  iu  the  photographic  anil 
si>ectro3eopic  work,  and  with  the  e(|uatoriat  ooude.  A  '*  Bureau  des 
Mesnres  des  ("lichen  du  Catalogue"  has  been  organized,  with  Mile. 
Klumpke  at  its  head. 

PoTHDAM:  V'ifjel. — The  8|)ectr03copic  determiiuLtion  of  the  motion  of 
stars  in  the  line  of  sight  to  which  Dr,  Vogel  has  given  e3i>et;ial  atten- 
tion has  been  continued,  aud  many  of  the  results  have  been  published. 
Dr.  Scheiner  has  worked  upon  stellar  spectra  aud  tbe  spectra  of  solur 
prominences.  Prof.  Miiller  and  Dr.  Kempf  have  completed  their  obser- 
vations for  a  photometric  DurchmusttTuug,  and  Prof.  Miiller  his  long 
seriesof  photometric  observations  of  the  planets.     \)v.  Lolise  and  Pro' 
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9|>o(*rei- lia^e  Iteeii  engaged  in  ]ihot<)graphic  and  vUiial  ubHerTatioiiti uf 
the  sun. 

i'EAciUE:  Sti/arik. — Variable  Ktare. 

I'RAOUE  (University):  Weintfc. — Drawings  (if  the  iiiood.  Determina- 
tion of  latitude,  observations  of  Jupiter'n  KatelliteH,  time  uervice,  mag- 
netic and  meteorological  observations. 

I'BOVIDBNCE  (B.  I.).— See  Ladd. 

Hadolii'PE  (Oxford) :  stone. — Work  on  tlio  general  catalogue  of 
0,;t5U  .stars  for  18dlt;  meridian  observations  of  tbe  sun  aud  luoon.  Ob- 
servations of  comets,  double  stars,  and  oecoltatioos.    Meteorology. 

KoME. — The  first  fiiscitnle  of  the  piiblic-ations  of  the  new  Vaticau 
observatory  contains tlie  iiiteiesting  [*apal  Brief  founding  the  observa- 
tory, an  hiNtoricai  introduction,  and  two  papers  on  astronomical  photo- 
graphy, to  which  the  obser\atory  is  to  be  for  the  present  devoted. 

BousDoN  (Lyme  Regis) :  I'eel: — Variable  stars;  time  ser\-ice. 

San  DiEtio  (Onl.) — Mrs.  Proctor,  widow  of  the  late  R.  A.  Proctor, 
|>ro)H>ses  to  erect  au  observatory  at  San  Diego  as  a  memorial  to  her 
husband;  ao  18-inch  object  glass  has  l>een  ordered. 

San  Fernando:  Viniegra. — Capt.  J.  Viuiegra  has  been  apjwiuted 
director,  to  succeed  Capt.  Pujazoii. 

Smith  (Beloit,  Wis.):  Bncon. — Sun-spot  observations,  etc. 

ST0NYnuR5T:,.Sirfffr«ire«. — Photography  of  the  solar  spectrum  and 
of  stellar  si>ectra;  drawings  of  sun  si>ot8  and  roeasni-es  of  the  cliromo- 
si-here  and  prominences.  A  new  15-inch  reftactor  has  been  purchased 
with  the  fund  raised  to  the  memory  of  the  late  Father  Perry. 

Stuasburg:  Becker. — The  meridian  circle  has  been  used  in  observ- 
ing the  zone  —'2!^  to  — f!°,  and  also  the  sun,  moon,  and  planets.  Some 
defects  in  the  construction  of  the  altazimuth  were  remedial  aud  the 
instrument  was  used  in  a  careful  series  of  observations  for  the  determ- 
inatiou  of  the  variation  of  latitude,  beginuing  in  May.  1S91,  and  ending 
in  March,  1892. 

SvDXEV. — Trail  sit -circle  work,  observati<»ns  of  double  stars  and  of 
<'omets;  pbofigraphic  work  for  the  international  chart,  photographs 
of  comets  and  of  Mars.     Weather-chart  service, 

Temi'le  (Itugby):  Double  stars;  nebuhi- photography. 

Toi'Loi'SB:  liif/onrttaji. — From  an  account  of  the  history  of  theob- 
Mcrvatory  by  M.  Bigoardau  it  appears  that  it  was  originally  estab- 
lished  in  1729  on  oue  of  the  towers  of  the  rampart  of  the  town,  tiari- 
]iuy  made  some  observutions  there,  but  afterwards  erei'ted  an  observa- 
tory on  his  own  house  and  superseded  it  by  a  larger  and  more  ooinmiv 
dions  one  in  1T70.  Dnninier  assisted  him  for  a  time,  but  iift^Twards 
erected  an  obs«'rvatory  of  his  own.  Vidal  bad  commenced  his  astro- 
tioiiilciil  work  at  the  observatory  of  Garipuy,  which,  however,  became 
t*  -ly  of  the  states  of  Languedoc  after  the  death  of  the  founder 

lal  retired  in  IS(»7,  and,  after  several  attempts  to  improve 
try,  it  was  decide<l  in  1840  to  erect  a  new  one  at  the  ex- 
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treuiity  vf  tite  towu.  The  biiildingti  were  uuuinivQce«l  the  I'olloTring 
year,  but  it  was  iiot  until  the  end  of  1846  that  tbcy  reeeived  their  in- 
Rtmmental  equipment.    Garipuy'» observatory  was  tben  iibiitidoneil. 

UMDEEWOOD(Appleton,  Wis.):  L.  W.  Underwood. — Tlie Underwood 
observatory  in  connection  with  Lawrence  University  at  Appleton,  Wis., 
was  equipped  at  the  o^iening  of  tbe  college  year  of  1892-'ft3.  The  out- 
fit eoasists  of  a  lU-ineb  Clark  equatorial,  4-iucli  meridian  circle,  mean- 
time  and  sidereal  clocks,  chrouometer,  and  c-bronofrrapb.  A  local  time 
service  has  been  established. 

UrtiTBD  States  Naval  Obsbrvatoby:  /l/p.Vrti»-.— At  tlietimeofthe 
last  report  of  the  Superintendent,  September  29, 1K92,  the  new  buildings 
were  not  ready  for  occupancy.  The  usual  routine  observations  have 
been  somewhat  int«rrupted  by  preparations  made  for  the  removal  of 
tbe  instruments  to  the  uii-w  siti',  advantage  being  taken  of  the  ioter- 
niption  of  observations  to  advance  the  reductions  of  previous  years. 

Prof.  Asaph  Hall  wat*  retireil  by  law  froin  active  service  as  a  staff 
officer  of  the  Navy  on  October  15, 1891. 

Upper  Tulse  Hill:  Huggins. — Visual  and  photographic  observa- 
tions of  Nova  Aarigte  (1892), 

Upsala:  Dun4r. — Variable  stars;  stellar  photography.  Anewpho 
tographic  refractor  of  33  centimeters  (13  inches)  objective  has  been  under 
construction,  and  has  necessitated  some  alterations  in  the  building. 
Time  service. 

Vassar:  Mig»  Wkilnetf. — Sun-spot  observations,  observations  of 
comets,  etc. 

Westmbath:  Wilton. — The  2-foot  (Smbb  refle«^tor  has  been  re- 
mounted and  used  for  stellar  photography.  Home  photographs  of 
Jupiter  have  been  taken  with  a  photographic  photometer,  to  determine 
the  relative  albedo  of  the  planet  and  his  moons. 

Windsor:  Tebbnlt. — Observations  of  comets,  doable  stars,  ot^'cnlta- 
tions,  and  the  phenomena  of  Jupiter's  satellites. 

Wolsingham:  Enpin. — Si>ectroscopic  zone  work;  double  stars,  A 
number  of  new  variable  stivrs  have  been  discovered.  Meteorological 
observations.  • 

Yale. — Dr.  Elkin's  heliometer  work  constitutes  the  chief  astro- 
nomical activity.  In  1891  the  series  of  observations  to  determine  the 
parallaxes  of  the  first  magnitude  stars  of  the  northern  liemisphere  was 
comiileted.  Observations  have  also  been  ma^le  of  com|)arison  stars  for 
Victoria,  and  the  computations  on  tlie  Iris  series  in  18S8  have  been  cnr- 
riol  forward  chiefly  by  Miss  Palmer,  Ob^ervutious  of  comets  and 
asteroids  were  made  by  Mr.  Chase  with  the  8-incli  Reed  etguatorial. 

From  July,  1891,  to  January,  181>2.  the  heliometer  was  devoted  to  a 
series  of  measures  on  the  satellites  of  Jupiter  for  the  dctermiualion 
of  their  orbits,  and  the  mass  of  the  planet.  After  the  completion  of 
this  work  Dr.  Chaxe  completed  a  triangulntion  of  the  principal  stars 
in  Coma  Berenices.    A  K<^rieHof  measures  of  Algol  has  been  made  to  test 
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tlie  tbeoiy  iif  »  aenHible  orbital  mntioti  of  tbe  bright  eomiHiueiit,  aud 
the  tbeoretical  {tarallnx,  suggested  by  Mr.  Gbaodler. 

Yekeks  (Tlniversity  of  Chicago) :  Hale. — Through  tbe  munificeuce 
of  Mr.  Charles  J.  Yerkes.  of  Chicago,  the  UiiiverHity  of  Cbicago  ia  to 
hare  an  astronomical  observatory  of  the  first  class.  No  definite  limit 
has  been  assigned  to  the  expenditure  contemplated,  but  it  is  intimated 
that  the  eqnipment  shall  be  equal  to  any  in  existence.  Tlie  principal 
instrument  will  be  a  ^-inch  refractor,  the  disks  for  which  were  made 
some  years  since  for  the  Tniversity  of  Southern  California. 

The  remainder  of  the  equipment  is  still  undetermined,  but  it  vitt 
probably  include  a  16-iiich  refn»;tor,  12-incb  "  twin  "  equatorial  with 
visual  and  photographic  objectives,  6-inch  meridian  circle,  aud  20-iuch 
sideroslat. 

Zurich:  R.  Wolf. — Sun-«pot  observations;  observations  for  deter 
mining  the  variation  of  latitude;  time  service. 

ASTE<INOMICAL   INSTEl'MEKTS. 

Jimslicar-Hanliiii/H  objective*. — Three  large  object  glasses  recently 
made  by  Itrashear  are  of  more  than  ordinary  interest,  as  they  hftv« 
been  ground  by  Prof.  Hastings'  formula.  They  are  tbe  Ifiincb  of  the 
Goodsell  Observatory,  the  12.2  of  the  Latid  Observatory,  aud  the  12-inch 
of  tbe  Kenwowl  Physical  Observatory.  Tbe  crowu  glass  was  obtainwl 
from  Mantois,  of  Paris,  and  the  Hint  from  the  optical  works  at  Jena. 
Germany. 

A  new  instrument  has  been  dcvisod  by  A.  Beck,  called  a  "  Nadir- 
Instrument,"  for  the  detei'iniuation  of  time  and  latitude  by  observatiuu 
of  tbe  transits  of  stars  over  a  circle  whose  pole  is  the  zenith.  The  in- 
strument is  adjusted  for  a  circle  of  00°  zenith  distance. 

To  amateurs  a  series  of  articles  ou  the  "Adjustment  of  a  anuill  Equa- 
torial," in  the  Journal  of  tbe  British  Astronomical  Association  (Ffl>- 
rnary,  1892),  by  Mr.  Maunder,  will  inidoubtcdly  prove  of  interest  and 
value. 

MISCELLASEnUS. 

I'rixeH. — The  Lalande  prize  nf  the  Paris  Academy  tor  1891  wa(t 
awarded  to  M.  (i.  liigourdan  for  the  work  he  hiis  undertaken  and 
paitly  carried  out.  of  micronietricidly  measuring  all  the  knowu  nehu 
he,  about  six  thousand  in  number,  observable  at  Paris  ;  Ihis  will  be  a 
first  stej)  to  obtaining  some  knowledge  of  their  proper  mothms,  and 
ultimately,  perhaps,  of  their  distances  from  the  sun.  No  meinoir  was 
prvsenteil  to  the  Academy  on  the  sjiecia]  subject  projioscd  for  the 
Diunoiseau  prize,  "To  perfect  the  theory  of  the  inequalities  of  long 
l>erhidR  caused  by  tbe  planets  in  the  niotiou  of  tbe  mo<m."  It  was, 
therefore,  ]iroposed  again  for  181)2,  and  its  value  flxe<l  at  4,(HH»  franw. 
Prizes  were,  however,  afljndged,  for  their  jdanetai-y  and  comctiry  iuvos- 
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tigatioDH,  to  MM.  (laillot.  Callaiidreau,  iiini  Schiilbof.  Tbe  .•iiiiss«^ii 
prize  was  itwanled  to  M.  liayet,  for  ]ii«  spectroscopic  work.  This 
prize  is  awai'ded  HnDiialty  lor  the  first  seven  years  after  its  fnimdatiou 
(1387),  and  becomes  biei)iiial  in  1S94. 

The  Lalaiide  prize  of  t  lie  French  Aca<leiny  of  Sciences  was  awarded  on 
December  19,  18!)3,  to  Mr.  E.  K.  [tarnard  for  his  astroiiotnical  discov- 
eries, especially  the  discovery  of  the  tifth  satellite  of  Ju|)iter,  tind  ti> 
Prof.  Max  Wolf  foi*  his  work  in  asti-onoinicnl  photography,  esi>e<'ially 
ill  the  discovery  of  asten>ids.  The  Damoiseaii  prize  t«  M  M.  Radan  and 
Leveau;  the  Valz  prize  to  M.  Fuiseaux  for  hi.'iworkon  t)ic  theory  of 
astronoinii'aliiistriinieiitMaud  thecoiiKtant  of  alterration ;  the  Janssen 
prize  to  M.  Tacehini  t()r  his  work  on  the  solar  fi|>ectruni. 

The  Dtmobue  <'omet  Medals  of  ike  AMtronomical  Sot-u-tp  nf  Ike  I'acific, — 
Tlie  following  iimettded  rules  for  the  bestowal  of  the  mtnlal  took 
effect  on  Februai-j-  20,  1$»I. 

I.  A  medal  of  bronze  in  established  as  a  |>eri>etiial  foundation  to  l>e 
given  for  the  dis<'Overy  of  comets,  as  follows  : 

The  ineilal  is  to  bear  on  the  obverse  side  the  efligy  of  a  bright  u)met 
among  stars,  with  the  legeod  "Astronomical  Society  op  the  Pa- 
cific" aroniid  the  border,  and  on  the  reverse  the  iiisiTiption.  "Tins 

MEDAL,    FOVNDED    IN    18!!0   BY   JOSEl'H   A.  DONOHOE,  IS   PHEBESTKD 

TO (the  name  of  tbe  discoverer)  To  Commemorate  the  dis- 

COVKEV  OF  a  comet  OS (the  date)." 

It  is  to  be  understood  that  this  medal  is  intended  solely  as  a  recog- 
nition of  merit,  and  not  as  a  reward. 

II.  Tbe  medal   will  be  given  to  the  actual  dist-overer  of  any  unex-  . 
])ected  comet. 

III.  The  discoverer  is  to  make  his  discovery  known  in  tbe  usual 
way,  and,  in  order  to  simplify  the  work  of  the  committee,  which,  in 
certain  cases  may  be  called  upon  to  consider  the  meritsof  several  inde- 
pendent discoveries  of  the  same  object,  he  should  also  address  a  letter 
to  the  Direi-tor  of  the  Lick  Observatory,  which  should  state  the  exact 
time  of  the  discovery,  the  position  of  the  comet,  the  direction  of  it? 
motion  (when  this  can  be  deteiniined),  and  the  physical  ap]K>ai'aiice  of 
the  object. 

No  application  for  tbe  b«-stowal  of  theuiedalisi-eiiuired.  Tlie  letters 
received  from  discoverers  of  comets  will  be  preserved  in  the  reconis  of 
the  Lick  Observatory.  Cable  telegiiims  to  the  Lick  Observatory  are  tti 
be  addressed  tfl  "  Astronomer,  San  Francisco." 

IV.  All  communications  will  be  referred  to  n  cotnmittee  consisting  of 
the  Direct4ir  of  the  Lick  Observatory,  ex  officio,  and  of  two  other  jier- 
sons,  members  of  the  Astronomical  Society  of  the  Pacific,  who  are  to 
be  annually  appointed  by  the  Board  of  Directors.  The  deeisious  of  this 
committee  are  to  be  final  u|>on  all  points  relating  to  the  award  of  the 
medal.  The  committee  will  print  an  nntiual  statemeiit  of  its  o|>eratiuua 
iu  the  publicatiims  of  tbe  society,  ,-.         . 

H.  Mis.  Hi 17  D.„ze...C,tX>glC 
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i~ii<u-i''>niinar<'  iiixnimMauit"*  ibevi-uii't  mt^lui  will  he^ivardetl  williiu' 
TO  iiiuiiiii--  -iiier  ^'n-  -iiiti-  i-i  riii^  Listtnery,  Itn.-ases  of  duabt  alon^'er 
iTHxi  iiav  "idi'.-t*.  "  -•■  [ifi.ii  vtil  M>.-  l>e  awimitKi  iDQiess  iindei-  tlie 
iwM  I'Mf  i>iuiu:it  <-in'ttau>iiUH-t*^'l'i>rrIic'lbMx>vfr>'ut';kcometiU)tileiiougb 
ii.>»*<r>:iii"U-  -ii-r  ~«viire»l  'v  'dv  •lisfivfifTOT  by  ii[hen»t  to  permit  the. 
»ii-iiKi..i'it  .1.11.  ■ -i-i'ii-aLiuH  ■•[  irJiiriuc 

'.  ,  ''i-  ■T'i.ii  -  ■■  wj.i  utqwroal  liiunilation  ftiHuaniiafter  January 
.  "N<«. 

•■'■I- ,  ■.u'!i  t^t;u'i"i  'iif  i>ini-iiiii*;iii«M  wiLsmutiie  ti»  Dr.  K,  Spitalar, 
>M.->ia^i    ■•    ''«     'iin-tiai  '  >|»,.rv:it()rv   nt' Vieuaa,  t'lir  bi--*  (lis<i»veryof 

....!«■*  ■■-II    -f    H..II1LI1U,  ;..iir:i' Ml   Niivt-mbfr  1«.  1891).     TluR  was  tlie 

■ '■,-       ■:  •    i%*iti'i    'ii.-    Hiiiie  Ml  [Ywl.  T.  Zuua,  iMljamt  ajutrotiomtTiu 

iH'    J'l.ii  '';•;-*■.«  11. ny    '1   ":i«'rmt>.  mi*  Uis  (iisviivery  i>f  a  comet  at 

.;  ■,  .1  ;«.,>.;.  11  tu-itii  -:iu»?.  N..vfiiil)^r  I.".  [*»».     Al»o.  his  fii-sHlis- 

I'li  >.\  I  .m.t  ■!  ^:■.-  :uutii^  mi  Mr.  K.  E.  Bumanl.  astroDomer  of  the 
;.  n  i»i"w.-.  i.K».>.  "I  I- .^!^.^>^ery  lit  ;i  romet  at  It)  hoars,  Greenwich 
i,, .,    11   ^1.1. vii  _"►,  ;"«!'l.     Till- WHS  rbf  tilTtwDtli  comet  disco V- 

i...  '^  ^ii.  ';.u'-..iii, 

rw  ^itu.ti    lik-ini    'ii!-  .ii>"  '.a&dn  ro  Mr.  Barnard  for  a  i-omet di»- 
..*,.,,;  M  ■'    ■-  ".  li..-.  ii'H.-ii  ^ueaii  :ime.  ■•n  <)<tober3,  IS'Jl. 
I  -u  ,  .:,Lii    iw.ii.i    >:i-    iia-if  ;i>   Ltr.  Lewis  Swift  tbr  his  discovery  of 

>  "t  i.:i.ii  .ivi.u.i  Ait.-  .Liaiii-  :i>  Mr.  W.  F.  DeuiiiDg.  ot  Bristol,  Eng- 
....i.    ,.,     i;-...i 1    Mai-li  IS  !^>L'. 

Ilu  :e...'.  ,.-.,.;■;  "  Mr.  U.  it.  iir.-.l^  .if  the  Smith  Observatory. Ge- 
.  \,.,  N»  IV  \.>ik.  -Ml-  A  i,.iiier  .>i.  Aut,'">t  -'S.  18".e 

IIk'  ,  ii'veiiili  .i»ai'>i  ^va>  'iiiMle  c>>  Ml'.  H.  E.  Btimard  for  bin  di»c<iv- 
n  '.>  -.iiouijiriii.iij  111  .111  itiie\iie>ted  i.-omet  on  October  I:;,  1891  ul 
li.ui.i  llamilCuu. 

tilt-  <\t  I'll  tit  awiU'ti  itaN  luatle  to  Mr.  EdwLu  tlolm^t^.  of  London,  Kng- 
iini,  ii-i  Ills,  foiiier  ..i  Noveiiibei-  it.  l.~i'.''J. 

tin-  I  hmeeiitii  ,tw:tfl  tti  Mr.  W.  K.  Bnxiks  tbr  his  o>tuet  on  Xovetii- 
VI   i;".  IS!'-. 

' '{.  I.  lint  f»->;i. — Oni-e  ia  ^veii  years  the  Aeton  prize  of  £100  is 
\*rt;di>l  to  cliw  t>ersi>i(  wlio.-^.'  seientitiu  writings  have  been  inast  sei - 
mMl>U'  to  the  cuust-oluatiinil  religinu.  The  last  prize  was  adjndgeil 
.  t'u.i.  Vi.  Stokess  of  Citnibriiige  University.  The  recipient  in  1-S02 
.i,x  \li.-ss  .V^ui"''  *"Ierke.  aiithor  of  tbo  "  History  of  AstroDomy  in  the 
iiin-Ui-mb  IVumry;"  of  the  "System  of  the  Stars;"  and  of  '*Stadiw 
I  lt-.i..ei." 

■"^  "—^  /■«,../.— The  fimd  of  «li,0(H)  |ila<-ed  by  Miss  Bruce  in  i*rof. 
SAiids  to  be  u.«e<l  in  aid  of  a^tTononitcal  work,  has  been 
liiws:  To  I'nif,  Newcoinit,  for  a  di<ii-iis.sioii  of  tlie  eont.ict 
>*■  \  viius  diiriug  the  tmiisits  of  1874  aud  ISS'J;  Dr.  Tlass- 
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mann,  printing  observations  of  meteors  uiici<ot'  Vidiablc,  stars;  .Vstro- 
uomiBche  Gteaellschaft,  construction  of  tiiblvs  for  tin-  <Hiuipntation  of 
tbe  absolate  pt^rturbations  of  t)ie  ast«roid»  by  (lyld^iis  method ;  Inter- 
national Geodetic  Commission,  dispntcli  of  a  party  to  tlio  Sandwich 
IslHBds  for  a  study  of  the  variations  of  hititiidc;  Mr.  H.  H.  Turner, 
computation  of  tables  for  reductions  of  stsir  placee;  Pm£  E.  S.  Holdeii, 
redaction  of  meridian  observatiouw  of  Struvc  stara;  Prof.  H.  A.  Row- 
land, identification  of  metalij  in  tbo  solar  Hiiectmm;  Dr.  L.  Strn\'e, 
reduction  of  the  occultutions  observed  dnring  the  eclipse  of  Jiiiniary 
28,  1888. 

It  may  not  be  out  of  place  here  to  note  that  a  legacy  of  1(H),0U0 
francs  {t20,000)  has  been  left  by  an  old  lady  of  Pim  to  the  Institute  of 
France,  as  a  reward  for  the  person  of  any  nationality  w)io  shall,  within 
tbe  next  t«a  years,  succeed  in  communicating  with  the  iniiabitunts  of 
gome  other  celestial  body.  Aproiraa  of  this  legacy,  Flammarion  has 
written  an  interesting  article  in  L'Astronomie  as  t^  the  possibility  of 
onr  ever  being  able  to  accompUsb  communication  with  our  neighbors. 

Tbe  Danish  Acsidemy  of  Sciences  and  Letteis  has  awarded  a  gold 
medal  to  Baron  H.  von  Haeidtl,  of  lnn8pru<;k,  for  liia  iuenij>ir  on  a 
case  of  the  problem  of  threes  bodies  proposed  by  the  Acadatny  in  1889. 

Astronomy  and  untro-phynkn. — With  its  one  hundred  and  first  num- 
ber, the  Sidtreal  Mamengrr,  which  has  been  edited  by  Prof,  W.  W. 
Payne,  at  Northficid,  Minn.,  since  1S82,  talies  a  new  name,  and  is 
enlarged,  so  that  a  considerable  jiortion  of  each  number  is  devoted, 
under  tbe  able  editorship  of  Prof.  ii.  E.  Hale,  of  Chicago  ITnivei-sity, 
to  what  is  now  known  as  astro-physics.  Prof.  Payne  continues  as 
senior  editor  in  "(Jeneral  Astronomy,"  assisted  by  Prof.  H.  C.  Wilson. 
The  bibliographer  will  uoti>,  that,  though  tlie  journal  has  a  new  name, 
tbe  volume  and  curr4rnt  number  are  continued  from  the  tiidereul  Men- 
»enger ;  thus  the  initial  number  of  Astronomy  and  Astro-physics  is 
"Nnmber  101,"  forming  part  of  "  Volume  xi." 

It  is  stated  that  there  art'  to  be  erected  in  Berlin  three  huudi'oil 
"Urania  pillars."  These  pillars  will  be  about  18  feet  high,  made  of 
cast  iron,  and  will  each  contiiin  a  chick,  nieteorohigical  instruments, 
weather  charts,  astronomical  and  giK>graphical  announcements,  and 
also,  as  in  tbe  streets  of  Paris,  a  plan  of  the  neighboring  streets  in  en- 
larged form  to  enable  strangcr.s  to  find  their  way.  The  instruments 
are  to  be  regulated  from  the  observatory. 

A  star  atlas  by  llerr  .lacob  Messer,  of  St.  Petersburg,  the  page  being 
about  4^  inches  by  S^  incites,  will  be  found  extremely  convenient  for 
amateur  observers  who  do  not  care  to  burden  I  hemselves  with  the  larger 
works.  It  contains  all  the  stars  visible  to  the  naked  eye  (first  to  sixth 
magnitudes,  inclusive),  from  the  north  pole  down  to  35°  south  declina- 
tion, together  with  a  selection  of  the  most  interesting  double  sta)* 
variables^  nebulasj  clusters,  etc 
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Macli  interesting  liglit  has  been  thi-owii  of  late  on  Rabylonian  as- 
tronomy by  Fatliers  Epping  and  Strassniaier.  A  series  of  Inuar  and 
planetaty  observations  has  recently  been  found  in  the  cuneiform  tablets 
of  the  British  Mnsenm,  and  among  others  an  observation  of  a  lunar 
eclipse,  one  of  the  nine  used  by  Ptolemy  in  his  Almagest.  Another 
work  of  the  same  anchors  shows  that  the  Babylouians  were  able  to 
predict  the  rising  and  setting  of  the  moon,  and  the  hour  and  magni- 
tude of  an  eclipse. 

Mr.  A.  M.  W.  Downing,  superintendent  of  the  eompntationi)  at  the 
Boyal  Observatory,  Greenwich,  was  appointed  to  succeed  Dr.  Hind, 
who  retired  from  the  position  of  superintendent  of  the  BrittBb  Nautical 
Almanac  office  on  January  1, 1892. 

The  Astrouomische  Uesellschaft  held  its  fourteenth  biennial  meeting 
at  Munich  August  5-7,  under  the  presidency  of  M.  Gyld^n.  The  society 
numbers  31S  members. 

A  neir  astronomical  society. — An  association  was  formed  in  Berlin, 
in  1891,  called  the  "Union  of  Friends  of  Astronomy  and  Cosmiual 
Physics,"  for  the  pur^MKe  of  securing  co-operation  in  the  study  of  these 
sciences  in  the  countries  of  central  Europe.  The  strength  of  the  new 
society  is  perhaps  best  indicated  by  the  names  of  its  officers,  Prof. 
Tjehmann-Filhes  being  president,  and  Herni  Fiirst^r,  M.  W.  Meyer, 
Plassmann,  Jesse,  Weinstein,  and  Reimann  the  presidents  of  itf  sii 
sections. 

The  question  of  the  ownership  of  an  aerolite  has  been  referred  for 
settlement  to  the  courts,  and  the  decision  reached  is  of  some  interest 
On  May  2, 1890,  an  aerolit«  weighing  66  pounds  fell  ou  the  land  of 
John  Goddard,  in  Winnebago  County,  Iowa.  It  was  dug  up  by  Peter 
Hoagland,  carrieil  to  bis  bouse,  and  sold  for  $105.  Goddard  claimed 
it  as  it  had  fallen  ou  his  land,  while  Uoagland  claimed  it  as  he  Aia- 
covered  it  and  as  it  fell  from  heaven.  Id  the  suit  that  resulted  the 
court  held  that  the  stone  became  part  of  the  soil  on  which  it  fell,  and 
that  Hoagland  ha«)  no  right  to  remove  it.  The  defense  claimed  that 
whatever  was  movable  and  toand  on  the  surface  of  the  earth  nnclaiiaed 
by  any  owner  was  sup^iosed  to  be  abandoned  by  the  proprietor. 
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ASTRONOMICAL  BIBLIOGRAPHY  FOR  1891  AND  1892. 

The  following  bibliography  or  index  catnlogue  is  arranged  upon  the 
plan  adopted  in  the  review  of  astroiiom}'  for  1886,  tlmi*  making  this 
series  of  indexes  complete  from  that  yeai-  to  1892,  except  for  the  year 
1890,  an  index  for  which  Was  published  in  the  Sidereal  Mesnenger  fur 
1891  (vol.  10,  pp.  84.  350). 

The  principal  books,  memoirs,  and  joornal  articles  pitbhshed  in  ISni 
and  1892  thitt  have  <-ome  under  the  compiler's  notice  are  here  inclnded, 
and  there  are  also  a  few  titles  tliat  belong  to  earlier  years  bnt  were 
not  found  ill  time  to  insert  in  previous  liflts.  Kefereuces  to  series  of 
observations,  preliminary  orbits  of  cnmet^  and  asteroids,  reviews,  etc., 
are  omitted,  iiud  to  ouidense  it  into  reasonable  limits  the  bibliography 
has  not  been  made  exliaustive  even  to  the  extent  of  printing  all  titles 
that  were  originally  (•olle<^ted. 

The  subject  heaiUngs  are  in  al]ihabetical  order,  with  a  subarraoge- 
nient  by  authors.  The  references  to  ]>erindicals  are  by  volume  and  page 
separate<l  by  a  colon;  thus:  Obsry.  irt:lTS-89  indicates  volume  15, 
pages  173  to  189,  of  Tlie  Observatory. 

The  following  is  a  list  of  the  principal  periodicals  examined: 

Americnii  Journal  of  ScieucF,  vol«.  141'1'U. 

AxtioDoinical  Journal,  Nos.  233-283. 

AHtroDomisclie  Nnchricliteii,  Nos.  3010-3139. 

L'ABtroDOinie,  vols.  10  and  11. 

Aatronouij  ami  Atilropliysics,  vol.  11. 

Bulletin  Astroiiomii]iie,  rols.  S  tinil  P. 

Compti's  RendnB,  voIb.  112.  li:i.  114.  1!5. 

.luiirnal  of  tbp  Britisli  AHtronomiral  AsHocintioo. 

Hunthlj-  Notices  of  tlie  Royal  ABtronoinical  Societ.v,  vols.  h\.  No.  3,  to  vol,  .W,  No.  9. 

Tbe  OliHerratory,  vols.  14, 16. 

Pulilications  of  tbe  AstroDOmical  Society  of  the  Pariiie.  Nor.  13  to  26. 

Sidereal  Messenger,  vol.  tO, 

Vierteljahraaehrift  dnr  AstronoinJHcLen  Gesetlschaft.  L'6.-'2T,   .lahrg. 

ABBRKVIATIOSS. 

Abstr.  =  AliHtTiict.  II.  K.  —  iieiK-  Folge, 
Am.  — -  American.                                       '       n.  k.  ^  new  sitrieB. 

Bd.  =  Uund.  Not.  =  Notices. 

il.  =  di,  deT,  del,  I'tc,  Obsry.  ^  Observatory, 

ed.  =-.  edition.  p.  ^page. 

Hft.  =  Heft.  pi.  ^  plates. 

hrsg.  =  hcrausgegebi'n.  portr.  ■=  ]>ortraita, 

il.  ^=  illiisti-ated,  pt.  ^  pnrt. 

J.,  junr.  ^:  Journal.  r.  ^=  rrale. 

k.  k.  —  kaiBerlicb-kfiDiKlieh.  Rev.  =  Rpview. 

I.fg,  ;=  Liefernug.  s.  ^  series, 

n.  i\.  =  no  date.                                          i  Ke.  — .  Kcience,  scientific. 

II.  p,  =-  no  plaee  ofiiubliciition.  v. I,  -^  vnlnine.     /■-            i 


ASTRONOMICAL  BlBLrOGItAPHY.  743 

AbaBtnaiau  ObwargaXuiy. 

VDN  aLASRNAPP  (3.)     [OpeninK-l     Axtroii.  Nachr.,  130:  223.     1892. 
Brr.  otw.  Conpt.  lt«i>cl.  IIS;  MS.    \t»i. 
Abanation  (Coiutaiit  of). 

CoMHTOCK  (•>.  C.)    PruvUional  nwiiltt  a(  a,  detoraii nation  of  tlm  conHtant  of 

alwrratioD.    Aatmn.  J.tur.,  M:  161-6.    1892. 
Kf.STNKK  (P.)     BestimDiunK  ili>r  Aberrations-cututanto  ans  Mi^riiltan-Zmiitliiliit- 
hui;:en  nnabbiin^fig  voii  i]rD  Sc1iiF»ukuD|;eii  iler  PoUii'ilie.    AHlruu.Nat-lir.,  126: 
333^8.     1891. 
LoK»'Y(M.)anil  Pri8Rrx  (P.  H.)     Di^termi nation  ile  la  <'aiiHtJinliMl«<  I'liWrrs- 

tiuu.     Coiiipt.  Keoil..  tl2:  549,  10^.     1001. 
BoeZBLiIt.  M.)  &  Ann-is  (B.  S.)     Soliitidii  of  StmvH'N  i^qimtioiiH  f<ir  tlin  ili-ter- 
iniuution  iif  tbe  aberration,  tnkinit  into  uci'iiutit  the  iHinsililu  varinbility  of 
the  latitiiile.     Astrou.  Jour.,  13:  9-11.     1892. 
AdaicB  (Jobn  (roucti).     [1KI»-'92.] 

UowxiMO  (A.  M.  W.)     [Blotcraplliriit  sketili.]     Vrtljachr.  <l.  antron.  Gcsellach., 

27:  168-71.     1892. 
0LAII4HRR  (J.  W.  L.)     [Biugrapbicai  akohh.]     Obsrj.,  15:  173-449.     1892. 

Far  Biographf,  itt,  aln,  J.  Brit.  A>tn>ti.  hi,m..1  :IM,  1892.   AUb!  ModIIi.    Not  M:]H-»N. 
\mi.    .Aliu.'AXrun.  Jour.,  11:112,  lini2. 
AV  I'srCmU,  »r  J.  Brit.  Aiitnin,  AHin„;i  .ilIfD.  Obsry..  IE,  1802. 
Airy.  (Gporfe  Bidtlle).     f  lS01-"92.] 

Dl-\kin-  (E.)     LBiogrupbiral  tikntoh  of]t«tr  Georire  Itid'lle  Ai/y.    Obsr.v,,  15:74- 

94.     I«92.     Portr. 
TiTRSKB  (H.  H.)     [Uiograpbicataketob.]     Astroii.  Nacbr.,  129:  33-8.     1892. 

fst  Bitgrafky,  la  AnttuD  Joui.,  1):  W;  Altu;   Com|il.  Keuil  IN;  Dl.  ISK:  Aim:  i.  Brit. 
AstroD.  Abau..  2:IS3-!>:  JIw.-Hoatfa.   Kot..  S2,  212;2S.    IBU2. 
Ar  J^ir(rait,(«OlMr.v.,  IS:  Altur  J.  Brit,  Antmn.  A*iid,.  2,  IMS. 

Alabama  VuiTMBitT  Obaerratory. 

[Ueschiption.]     11.     Pall.  Aitrou.  Son.  Pacilir,  3:  110.     1891. 
Alcol.    5cr  Vurialile  stant, 
AlUBimatti. 

Chkistik  (W.  II.  M.]     Nevr  form  of  altaEimiitli.     Month.  Not.,  62:  480-t.     1899. 
Aaterold  8. 

Dowitwa  (A.  M.  W.)     Ophtt  of  Flora.     .Month.  Not.,  5^:  585-96.     1892. 
ABtarold  80. 

Urorbkn  ( >.     Resiiltale  einer  nenen  Kaliiiheetimmung  ilex  Plaoeteii  NO, 

Sappho.     Aatron.  Nachr.,  131:153.     1892. 
Aaterold  143. 

v<is  Habrdti.  (E.)      KlPmrnte  i.n-1  Epbemeriile,      Aatron.  Nacbr.,  138t  193-8. 
1891. 
Asteroids. 

Backll-nd  (O,}    Bewejinng  plner  j;«wi"wn  Grnppe  iler  kleiDen  Planelen.   54  p. 

4to.    St.  Pot«nih.  1892. 
Brrbkrich  (A.)     Bahnneiji^unK  <ler  kleinen  Planeten.     Antroii.  Nar.hr.,  129:266. 

1892. 
KiBKWOOb(D.)    Gronpsof  osteroidH.     Antron.  and  AstrophTS,  11:  786-9.     1892. 

.     Similarity  of  certain  orl.ita.     Pub.  Antron.  Sor.,  Paritlc,  3:  96.     1891. 

KkI'bobk  (A.)    Nntiz  bctr.  die  \u mini' rirnng  der  kleinen   Plnnetcn,     Antnin. 

Nachr..  130: 159.    1892. 
Notation  f»r  the  aHteroidt.     AHlron.  .lonr..  12:  15,  55.     1832. 
Wolf  (M.)    PhotographiBrhe  Aiifnabnien  von  kleioen  Plonetvu.    Aatron. Naahr., 
129: 338-i2.     1892. 


D.D.t.zea  by  Google 


744  ASTRONOMICAL 

Aateroida  of  1890. 

LlCIlMA^!4  (P.l     ZusammeiigtelluDg  der  PlaDet«ii-KDt^«ckiin^d  im -lahte  1890. 
Vrtljschr.  .1.  uRtron.  Gesellsch,  S6:  59-65.     1891. 
Aaterolda  of  1891. 

Leiimann  <P.)    ZuBiunnieiiBtvlliiug  der  P1anet«D-EntdprkniiKeo  ioi  Jahr«  1811. 
\rtlj8flir.  d.  n«tr..n.  liettellscll.  27:  52-9.     1«92. 


ABtToiioin«n. 

Uarkwick  (E.  E.)     Kvolutitm  of  an  amateur  astronomer.     J.   Itrit.   Aatron. ' 
Asaa.,  2:49e-QIH.     1892. 
ABtrouomloal  Soclaty  of  the  Pacific 

iI(iu>RN  (E.   S.)    Address  of  the  retiriDg   preaideiit  .  .  .  Mar.  2J*.  1891.     Va^- 

Astron.  Sor.  PariBc,  3: 103-10.     1891. 
PlKRS<i!<(W.  M.)    Ad<ln«s  of  the  ntiriD^t  preiii<l«D(  .  .  .     Miir.  26.  1892.     Pab. 
Astron.  Sw.  Parilic.  4:5I-«.     1892, 


BaLL(R.  S.)     Ill  Starry  HealiuB.     10+371  p.  il8vo.     London,  1892. 

.     ^titr-Laud.     Itring  talks  with  young  people  about  the  wondets  of  tbo 

hMivcns.    8  +  376  p.    12m«. 
ChambbBS  («.  F.l     Pic-tonal  iiKtruuoiny  for  general  readers.      15  +  268  p.  Uro. 

London,  1891. 
CI.ERKE  (A.M.)     System  of  the   stars.     B(t.  by   Hale  (G.  E.*.     Pnb.  Astron. 

Soc.  of  the  Parilii-.  3:  181W91.     1891. 
DEN.S'iMi  (W.  F.i     Telesmpie  work  for  Btarlighl  oveninp*.  11  +361  p.  ii.  8to. 

London,  1891. 
OoKEt.T.K.)    Slar);r«nps:  a Btndent'< tcoi''^  "■  <l>«'or^t«ll>'ii""^-     ^^'"-    Hap". 

Uuduu.  l»i!»l. 
I^MitKY  iS.  P.t     The  new  a.~tronomy.     New  e<1.    8vo.     Boalou,  1891. 
Makkwick  \K.  E.^    NakMl-tyr  ai-lrononiy.    J.  Rril.  .\strou.  Ansn.,  1:  188-!M. 

Wahrkn   1.11.   W.i      Ket-realions   in  ■nimnumy   with   directioua   for  practical 

vxperimeiits  in  teliTrupic  work. 
WoU'  I  K.t    Itaiiilbnrli  ilrr  Astnaomi.-.  ibrer  tlcnrbichte  nnd  Litlelstnr.  Baml. 

1.     16+Tlip.  il.^^«.     Zuii.b.  1(J9I. 
Y<>i  Nil  iC  .^. '     l.fSMiu^  in  a^•l^ot■ol•ly.   inrliiding  rnuography.  10  +  ^8  p.  il. 
Sx...      Ki»l.>ii.  i-!>I. 

<):r3|>hy  ..f\ 

■>l>l:l.iM>  .K.'  l'at.<!»-nr  lit'  the  Craxfontlibrary  «r  Ihr  Itoyal  (tlinervatory. 
Ki1iiil>iit£h.    t!>T  )>.  Jt.i.     Kdinb.     lv;«\ 

iix  i;i-i:'ii:\  «V-  (.'aiil.ijiir  ..f  Ihr  libnry  of  the  Asttunuaiiral  Society  of 
thr  l-s.  tri,-  ai.d  ..I  il.r  .Vlemi.Wr  M.«n-,'..iii*'rv  Libr»rT.  l-olt,  Aatrtni.  Sor. 
l-arilio.  .!:;W-CC.      1-5-1. 

ATJiKti  .J.'  lt.doi  |«  -I  ..iht:.i.Hi.."  Tian...  N.  Y.  Arad.  St.,  IV:  87-102. 
lffl»I. 

ri\n>f»>  (W.  l\  .  Ilticf  b:Uiiii;:rjpJiy  .-f  ».<.iiwi«mira]  lileralnre  for  the  year 
IN^k  Jannar>  lo  Ju:ie.     S-.-l.  Mns...  l":  SS-!",      l«»l. 

.     Bripf  hi-.::oirr.i-h>  .»l  aMittiionii.  .il  ;!i.rarnre  for  llir  yi»r  itOO.  Jnlv  w 

lv**«ibf»,    r^i.!.  ^(-.5..,  lii.;i.'»i-«t.'.     l-j"!. 
,Hisl«ty  >.r. 

.r   r----jn^!;r-.-      I1>--     ?n»  .  KihJicsl  ArrLirul. 

n.nn^i ,      -ij.  MfM.  10:  tlT-e*.      1S9I. 


BIBLIOGRAPHY.  745 

Aatronomjr  (History  of) — Contiiiuiyl. 

GrpiMO  (J.)  Dull  HTRASSHAiEit  (J.  N. )      BaliytoDiKche  MoDflbeubacktuQgeu rkus 
lieu  Jahren  38  nml  79  der  Seleuciden  Aera.  Ztschr.  f.  Atwyriol.  7 :220-54.  1892. 
Ri^iiLOi'i'  (G.)  &.  HoCElHBiH   (A.)     Die  Astronoiuio  lies  MalimQil  ibn  Muham- 
med  ilin  Omar  at  Qaf^mlnt.    Ztuchr.  d.  DoiitHcli.     MorgenliiDiliBch  Gesellsch.  27 
{Hft.  2).    213-75.     1892. 
WiTTsTKiN  (A.)    HUt<iriHch-nHtrimiimiBcb<!  Frugmontu  hiih   ili^r  iiriontHliHclien. 
Literatur.    30p.  Ipl.  S-.     1892. 
Aai&oiiomy  (Practical). 

CampbrU.  (W.  W.)     HaQdbonk  of  practical  axtmuiimy.    168  )>.  8  >.    Ann  Arbor, 
1892. 
Astronom;  (Progress  uO. 

Abtronomy  in  18D0.     Sid.  Mew.,  10:  13»-«.     1891. 

Bouquet  dklaGbvk  <J..J.A.)    l'nigrf-!idi'l'H.-<tron<>mi(rf[i  1891.     I/Astrou.  11: 

180-8.     1892. 
NuTKB  un  some  points  couuucted  with  thu  |inigii>Bs  iif  iiHtrnnoiiiy  <Inrinf;  tlie 

past  year  [1890].     Month.  N..t.,  51 :  237-2lw.     IKS^l. 
NoTKH  on  Home  points  t'onuected  witli  the  progresH  of  iwtmnoiny  iliiring  the 

paat  year  [1891].    Month.  Not.,  52:  270-.')(U.     1892. 
Bbport  of  ttie  council  on  the  progre>iii  of  astronomy  during  tliti  year  ending 

September  30, 1891.    J.  Brit.  Axtn.n.  Aun.,2:  7-^.     1891. 
Bepokt  of  the  cunmil  on  the  progrees  of  astronomy  dilrinu;  tlin  yeur  aniliug 
September  30, 1892.     .1.  Bril.  Astron.  Awtii.,  3:  10-27.     1892. 
Asttonomy  (Tbeoreticnl). 

KuxiLK   (H.)     Studieu   znr  Ibeoretiscben   A«trunomi<'.      1    Ilnft.    20   p.   8vo. 

Wil«t*r.  1891. 
Soi'L'iioM  (.A.)    Traitfid'astronomie  tbtoriiiue,  conteiiant  I'expositiou  du  calcal 

des  pertaibations  pluiidtiiires  et  lrinait«s,  etc.    501  p.  Hvn.    ParJH,  1891. 
Watsos  (.1.  C.)    Tbeoretical  aHtronoinj.     Errata  by  W.  W.  CampbHl.     Pnb. 
Astrun.  Hoc.  Pacific,  3:  87-91.     IMPI. 
Atmoapbere. 

AM  aho  Rt^lraction. 
McLi.Kit  (G.)    Pbotometriachfl  uud  dpectroBkopiscbe  Beobachtangi'ii  iingesteltt 
auf  dein  Gtpfel  das  Blintis.     101  p.    3  pi.    41^).     Potsdam,  1891. 

Pnb.   d,  Astrophys  OliH.  Ku  PotsdJim.     Xo.  27;  (Ud.  8  Stuck  1).     Jfcr.  bg 
Snfarik  (A.J     Vrtljschr.  d.  .ixtron.  Gesrllxch.     27:24:l-rH.     1892. 

BitiKi.OW  (F.  H.)     N'ew  an nirii- inclinometer.     Sid.  Mi'Sa..  10:  496.     1H9I 

.     Reply  to  Professor  Nipher  on  "The  theory  of  tbe  noliir  forona."     Am  .1. 

c.,ltl:5(16-7.     1891. 

.     ^lar  corona;  an  inxtancoof  tbe  Newt«inian  potential  t'onctionin  tbe  cum 

ofrepalsion.    An.  J.  Sc,  142:  l~ll.     1891. 

.    Solution  of  tbe  anrora  proi'lem.     Am.  .1.  .Sc.  141:83-9,     l«!tl. 

Aalmntb. 

JacokT  (H.)     Determination  of  axinnllb  liy  idongatiooH  of  PoUrii,     Montb. 
Not.,  52: 106.     1891. 
fialtiinote  Aatronomloal  Society. 

[Organization.]     Astron.  and  AHtro|.liys..  11:789.     18!I2. 
Binary  atara.    Str,  nho,  Di»fBi,K  simih. 

Bibs-ham (8. \V.)   NewbiniiryHt^irs/itlti.ScurpiilMS.   Sid.me88.,10:48i)-91.    1M9I, 

.     New  binary  star  ^  aw.     Astron.  an<l  Antrophys.  11;4&1,     1892, 

GiniB  (J.  K.)    Catalugi f  binary  Hl.irs  for  which  orbits  have  be<-n  cnmpnled. 

Pnic.  Roy.  Iri«b  Acad.,  v.  I.  No.  4. 
.»(«It..,.rt.,t,  ■  , 


746  ASTRONOMrnAL 

Hiafoy  star  ■— Con  tin  ncil. 

MoNCK  (W.  H.  S.)    Rpeoira  of  lilnnry  stan.     Antroti   ami  Axtraiihyn..  11 :326. 

18S2. 
PlCKERiMii  (E.  C.)     Close  binary  «taro.     .'tUl.  Meaa.,  10:  5.     1891. 
Skb  (T,  J,  J.)     Kpocntricities  of  the  orliittofbinar.vHtara.     Sid.  MesB.,10:K-7. 

18D1. 
Vo08I.(H.  C)     Beol>acktiiii)i^a  iler  aiif  spsctroftrapliiHchDiii  Wege  iiiifi^fHO- 
delieu  Biliiiren  Systenie  ^  Aiiriga«  iind  f  Uraau  uiajoris  ant"  deiii  I'ntsdnmer 
Obaervnloriuni.     Astrim.  Kaibr.,  126:  2S)-TJ.     1891. 
Brttnnow  ((Yaiii^  Frie<lrich  Ernst)  [ie21-'91}. 

KrI'eoer  <A.)    Todes-Auzei^.     Antroo.  Nacbr.,  128:  205-8.     1891. 

For  Bitgraiihy.  irralso.  Pub.  Aatroii  Sor.  I>nciil<;,  :h3e:.    i^K.    AIw.  Uonth.  Nm..S!;1H 

1«92. 
For  Pnrtmif,  hw  Piib.  AMiwi.  s.m>,  PmIHc.  S, 
Cal«ndar. 

Flammarion  (C.)    Ciiri(wlt«>i  du  calenilricT.     il.     L'Antron.,  11:  20-r..     li«3. 
Mc-FarI.A!.-i>  (R.  W.)    a  perpetual  cttlpndar.     Sill.  Mess.,  II):  129-31.     1X91. 
Sbrvikr  (— .)    Caleuilrier  perp^tuel.     I/Astrou.,  II :  MO-S.     1^2. 
CampbaaHn  ((Jottfried  Liidolpli)  [1S03-'90J. 

VoOBL  (H.  C.)    TcMloH-Anzeig.-.     Astron.  Xaithr..  126:  »43.     11*91. 
Capodlmonte  Obaertratory. 

ANflRUTTl  (F.)     Nnova  determinazioae  della  latitndinc  <lel    R.  Omervstocio  di 
Capodimontu.     ABtroii.  Nai-br..  130:  42«-31.     1892. 
Carleton  CoUege  Obeerratory. 

Pavne  (W.  W.)     [Description  of  the  oliHervntiiry  noil  inRlnniienta.]     il.    Pnb. 
Aatron.  Soc.  Pacific,  3:  85-7.     1891. 
Chambetllu  Observatory. 

[DpacRllTlOM.]     Sid.  Me**..  10:400,     1891. 
Chronology. 

LvMN  (W.  T.)    Ancient  cbronnloKj  and  eclipses.   Aatron.  Jonr.,  11:43,82.    1891. 
Sti)CKWKI.l  (J.  N.)     Eclipu'sand  chronoloijy.     Astrnn.  Jonr.,  ll;.t7-9.    1891. 

.    Recti ti cation  of  cbrouolOKy  by  means  iif  ftRcii^nt  eclipBCH.     Aatrou.  Jonr., 

10:165;11:Q,28.     1891. 

.     Supplement  to  recent  contrllmtioiiB  to  chronology  anil  cclip»«.     Astron. 

Jonr.,  12:121-5.     1892. 
dtronoiiMterB. 

LmscHNBR  (A.  O.)    TUcritiomPtric  clirononiPtiT  of  Ihe  Lick  llbservatory.    I'ah. 
Astron.  Soc.  Pacific,  3:  177-80.     1891. 
Circle  division*. 

Bri-nh   (H.)    Unter^iichiiug  ciner  WiinnchairVhcii  Tlii-iliniK.     Aiilr<in.  Xorbt., 
130:  n-*2.     1892. 
Clark  (Gcorgo  llossi'tt)  [1827-91]. 

Rrasiie.vr(J.  A.)     ;  Bio(tr"pbicHl  sketch.]     AHtron.  and  AstropbyH.,  ll:.'WT-7a. 
1892. 

Fur  I'lrt^aittrr  (Mrf. 

ColUmation. 

Tprrgrakk   (M.|     Mctbod   for  dclcrminjiig   the  cotlimation   of   the  purtablx 
transit  instrnmcnt.     Aalron.  Jixir.,  10:  lfi9.     1891. 
CoUlmBtOTB. 

TrRN-ER{H.n,)     OI)StTvations  for  coii 
cube  of  the  transit  clrcte .  Crtvnwicb 
Colorod  Btar*. 

Franks  (W.  R.)  and  olkm.     Dettrmiu:! 
1:301-4.     1891. 


zecbvGtIOgIc 


BlBLIOGRAPHT.  747 

Color«d  otara — Continued. 

Lbvandbr  {¥.    W.)  ,  Det«nniDa(ion  i>r  the   colors   of  etam.    J.  Brit.  Astron. 
Assn.,  1 :  1%-T.     1891. 
Comet  Broraon. 

Lamp  (E.)     Der  Bronen'  acbe,  Comet.  1.  Tfa«il:  die  VerbhidnngderETarhrinnn- 
gen  lS73nnd  1879  und  die  VoraiiHhen-cbDUDKf1irlK90.    68p.  4t4>.    Kiel.    1893. 
Pnb.  d.  k.StcnnrJDKlFl.T. 

Comat  Bnoke. 

Baoklu.-SI>  <0.)     Caltnls  et  recherrheH  8iir  la  comi-te  d'Euckf.   Parlie  I:  ThIi1«s 

pour  le  cnli'iil  da  I'linoinBlie  eiLrrntrii[iie  et  dn  lofpiritlimp  dii  myoa-vrcicnr. 

HO  p.  4to.    Ht.  PHf,nb.     ISSKl. 
Comet  Temple-Swift. 

BuneBKT  (J.)     Rctoiir  de  la  comHe  en  1831.      Bnll  Aslmu.,  H:  1R.V91,      1891. 

Comat  1402. 

Hklmolt(— .)     <;.nn.'t  vom  KriihJuliT  1403.     Astron.  Vaohr..  129:  301-B,    1892. 
Comet  1689. 

Iloi.KTSCrlBK  (J.)     [Baho  derl  Com^ten  dpn  .Inbrcs  1889.  Astron.  Nadir..  129: 
323-8,     1892. 
Comet  1840  I. 

RE<-iieKBi-:iUi(0.)  Uefiuitivr  ItahnbmttnimnDRdcNCometen  1N40I.  Astron.Karhr., 
131:349-60.  1892. 
Comet  1840  IV. 

Schultz-Stkiniirii.  (C.  A.)    Delinirivn  Bahnelt-iiienrp,  .  .  2Up.4to.    Stotkbolni, 
1S91. 
Comet  1897  m. 

KdN10(E.)     Bentimmnni;  dnr  Itahn  deit  Cometen  18f>7  III.     Aatron.  Nadir.,  128: 
Sm-92.     1891. 
Comet  1867  I. 

BbCKRR(L.)    Orlittofthe  )M>rioilic  i-omot  1867  I.   Month  Kot.  51:  4T&-M.   1891. 
Comat  1873  vn. 

RciiuiJiOK  (I,.)     [OrUito  do]  la  cim>U>  1873  VII.  Ball.  Astron.,  9:  118-21.  1892. 
Sciiui.HOPfL.)  and   Honskrt(.I.)     [Identity!  den  coni^tes  18T3  VII  et  1818  I.] 
Bull.  Astron.,  8:24-6.     1891. 
Comet  18S1  THI. 

COMiKi.(J.)     [OrbitedeliiromitelSSl  VlII.l  Bitll.  Astron..  9:  441-55.     1892. 
Comat  1882  n. 

KKF.ura  (H.l     Uut«r8iichnDgen  ilbdr  das  Sjntem  dor  Comoten  1843  1, 1880  I.  uiid 
188211.    'Hieit  II.    Der (jrosse September.    Comet  1882II.    (Fortwtznng.)    67. 
p.  4to.    Kiel,  l«Hl.     Pub.  d  Kiel  Stmwrt.    fi. 
Comet  188S  CO. 

GALLKN«l,'Lt.KR(.I.)     Definitive  ttshuelenienf  .  .  .  Attron.  Nacbr.,  130:  345-61. 
1892. 
Comat  1S86  IV. 

Opprkhkim  (S.)     Itabn   des  periodixdien  Cometen  1886  IV  (llrooks.)    Astron. 
Nachr.,  128 :  297-;«)6.     1891. 
Comet  1887  m. 

Hrixriciits  (P.  A.)     Definitive  B.ilinoleni.'iite  dp«  Come  ten  1887  III.      Astron. 
Nachr.,  128:  161-70.     1891. 
Comet  1887  IV. 

Abetti  (A.)    Orbita  dellu  i-omota  1«87  IV.     Axtroii.  Nacbr.,  126:  J77-211.     19P1. 
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Cotnet  Idd?  ZV— Cobtiulleil. 

Chandler  (R.  C.)      [CompaTiBun  of   Aliett.i's  ao<l   Muller'a   orbits.}      Artrou. 
Jour.,  10:  166.     18.11. 
Comet  1889  V. 

Ckaksi.rk  (S.   C)      IMiiittive   orliita  ol'  the   lompaniiiiis   of   vouiet  1S89  V. 

ABtron.  Jour.,  10:  l53-fi3,     1891. 
Poor  (CI.)    Actum  of -Jupiter  .  .  .  AHtroii.  Jour.,  11:  30.     1891. 
Comet  1B90  n. 

B1P8CI10P(F.)     IlcatimmiiUK  (liT  Hul.li  .  .  .  IM  p.  «vi..     \Vi«ii.  1891. 

Comet  1890  IV. 

BaRKakd  (E.  K.)     IStruiige  aHtTnuomk'ul  ooiiii^iilciico.     Sill.  Mesn.,  10:  18.    1891. 

Comet  1890  Vn. 

TbnnaNT  (J.  F.)     Orbit  of  Siiituler's  comet.     Month  Kot.,  52:  29.     1891. 

Comet  1892  I. 

Barnard  (E.  K.>     Olwervatioiis  aad  photoi^raphH  .  .  .     AHtroo.aml  ABtrophjK. 

11:386-8.     189a. 
Comet*. 

Barnard  <E.  E.)    CI aaHifl cation  oftlie pcrioiIi«  cumelH  by  their  ptiyHicBl upitcar- 

aiice.     Aatrou.  Jour.,  11:  46.     1891. 
Hkhbericei   (A.)'    Ueiiierkuii};  zu  Deichmilller  '' Keber   din  Voraiioberethuungc 

tier  Coiiioteu-Kelligk«it*^ii  "    Aatrou.  Nadir.,  131 :  75.     189a. 
CoAKi.KY  (0.  W.)     Tidal  tlieory  of  the  forms  of  cornels.   Antron.  an<l  Astropb^s.. 

11:177-89.     1892. 
DEicHMrLLKR  (F.)     rbotoiDctTie  <ler  Cnmetcii.    .\BlroD.  Sachr.,  13! :  309.    1892. 
.   VorauHberpc hilling  iler  C'>iuet«n-l(eiliglceileii.   Aatmu.  Xai-hr.,  131 :  33-12. 

1892. 
Hrrz  (X.)     Elektro-statiache  Hyputbese ilt>r  Comet I'DHchwoifi?.     Asiroii.  Nnchr.. 

129:3lr»-52.     1«G. 
Hi>t.KrM.'HBK  (J.)     DeobachtiiDK  iinddio  Iterechnung  von Couiettn- Hell if^keileti. 

Astroii.  Xiichr..  131 ;  assKie.     I«»2. 
KiAKR  (II.  J.I    ThMriPs  dm  iiiieut^  cumrtiiires.     Astroo.  Nnchr.,  11>6:  281-92. 

1891. 
KlkirekiJ.)    Ge^aiiimtzahl  der  Coiueten  ini  Sonnriisyitteiu,     Astmn.  Naclii., 

130:  121-5.     1«)2. 
Kki'ki.kr  (A.)    Ilererliuuug  der  StilninRen  <ler  )>eriodisrUeii  Conieteii  diircli  Aie 

der  Sonne  nahen  Plan-'ten.     Aatrttn.  Nacbr.,  129:  65-74.     1892. 
MONtk  {W.  II.  S.)    Comets  luid   the  galaxy.    J.  Brit.  Astron.  Assn..  2:213-6. 

1892. 
Xkwto.s  (H.  a.)    CaptntB  of  cotneta  by   planets,   especially  their  cajitiirt  bj 

Jiipiler.     Am.  J.  Sc.  142:  IKt.  482.     1891.     Alun  Reprint. 
.    Capture  of  rouiets  by  planets.     Aatrun.  Jour.,  1 1 :  73-5.     1891. 

Rfr.  I.y  Li-hruiun  Fllli..>lR.J     TrtliKhr.  d    AkItud.  OvilKh..  77- li^fi.  IXtt- 

Plummrr  (VV.  E.)     Coin.tarj  notm.     OUsry..  15:  308,  339.     1892. 

St'lirLHOK  (L.)    lirandeti  ]>eTturl>atiouN  des  cometes  pt'rioiliqilt*.     Hull,  antion.- 

8:2^-51.     mil.      .<rr  nho.  Ibii).  147.  191. 
Woi.riM.)  Notij:  it l>er  photograph irte  Hctiwrit<-n  nnd  Couieteu.  Antrou.  Snthr., 
129:  101.     IWti. 
Comets  and  meteors. 

MoNCK(W.  U.S.)    Further  ■i<i|<'»ueomelr<  and  meleor».   AslroD.iinil  .^ftniiilii-"  - 
H;27I-«)-    mn. 
Comets  of  1890. 

Krei-tz  ill.)    7.n!Uuiimi'nHt>'lluuedprC'<mi'tan-ICr»ebi-iuuDgiin   di«  Jahra  1K80. 
Vrthsihr.d,  astrun.  trt-6.llsili.,  2i::6--j(l,     Iwii,  ,-  . 

D:|-:ect>C7l.-)OglC 
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Comet!  of  1890— Con  till  II  e<  I . 

[List  ofcouiets  of  1890.]    Month.  Not.,  51:  23fl.    1891. 
[List  with  elements.  I     AelroD.  .Tour.,  10:176.     1891. 
COOWtBOflSSl. 

Erbutz  (H.)     ZaasmmeUHteUuDg  ilsr  Come  ten- HrschuimmKeii  dea  Jobres  1891. 

Vrty»chr.  4.  Mtron.  GeBollsoh.,  27: 60-8, 1892. 
[LiSTofcomut!iofl89L]    Moatb.  Not.,  62:  271-4.     1892. 
[LiSTiritb  elemeuts.]     Astron.  Jonc.,  11: 168.     1892. 
ComeU  of  1S92. 

Campbbll  (W.    W.)    Comets  of  1892  trail   tbelr  specttu.      Piib.  Astroii.  Soo. 

PaoiDc,  4 :  248-SO.     1892. 
Cotnata  (Orbits  of.) 

Krbutz  (H.)    Bericbt  Uber  Cometeii.     Vrtljsclir.  d.aMtruD.  Uesellsch., 26: 306-8. 

1891. 
SOHinjiOF  (L.)     SuT  lea  grandes  i>ertiirhBtioiui  den  comi-tea  pAriodiques.     Bnll, 

HtTon.,  8;  147,  191.     1S9L 
Weiss  (K.)     Bererhnnni;  eiDer  Kometenbnbn  mit  llerUcksichtlKunK  von  Glied- 

ern  hohercr    Orilnang.     Sitznngatter.  d.  k.  Akod.  d.  Wesseiiscb.  Wifii.  mntb. 

DBtnrw.cl.  100:  1132-50  (Abtb  2  a). 
Coijrdlliataa  (Trangfonnation  of). 

Frankr   (J.  H.)      Transformation     reohtwinklijf-nphiiriai'lii'r     (gendiitlaolier) 

Coordinaten  anf  nctie  Nornialpunkte.     Astron.  Xachr..  126:  353-8.     18111. 
Nbckrb  (K.)    TianaforinBtlon  spbitriacher  Conrdinati'n.      Astron.  .N'achr.,  180: 

49-H.     1892. 
Corona. 

BiORLOW  (F.  H.)     Kxt«nsion  of  tbx  corona  and  the  details  of  its  Htrnnttire. 

Obsry.,  14 :  50-2.     1891. 
.    Period  of  tliH  rotation  of  tbe  snn  near  tlie   pules,  as  <leTived  from  tbe 

coronas  of  I87K  and  1KT9.     I'lib.  Astron.  Sor.  Pai'ili<'.  3:201-16.     1891. 

.     Law  of  tie  wilur  .-orona.     Pub,  Astron.  8oe.  Pacific,  3:  34-9.     1891. 

CHARRoi-MNfC.  H.)  Coronal  extension.  Pnli.  Astron.  Soc.  Pacific,  3: 26-30.  1891. 
Pritciiett  (H.  S.)    Solar  corona  of  .Ian.,  1889,  fCom  the  pbotoRrapbs.     il.     Pub. 

Astron.  Soi-.  Pacillc,  It:  1.-.5-62.     1891. 
Pi'PlK  (t,)     Elei-lrical  digchnr|j;i-a  throiit(h  poor  vacua,  and  mi  corouoidal  dis- 

cbargcB.     Astron.  aail  Astropbys.,  1 1 :  483-96.     1892. 
ACHABBBKLE  (.J.  M.)     Some  physical  phenomena  involved  in  the  mechanical 

theory  of  tbe  corona.     I'ub.  Astron.  Hoc  Piicific.  3;  70-3.     1891. 
Cosmogony. 

Backhoi'ok  (T.  W.)      Stmctnre  of  the  sidereal   iinirarse.      21  p.,  II  pi.    4to. 

Sunderland,  1891.     Piiblns  West  Hcrndon  lEonse  Obsry.,  1. 
Skr  (T.J.J.)    Origin  of  the  alellai  nyatems.     Sid.  Mess.,  10:  179-87.     1891. 
Crowborongh  Obaervatory. 

Roberts  (I.)    Is;inc  Robert's  new  olacrvatory  im  < 'rowliorongh  Hill,  Wumbx 

[Eug.).     Mi.utb.  Sot.,  51 :  118.     1891. 
Defactlva  Ulnminatlon. 

AxniNQ  (E.)     LichtvertbellunK  aiif  eiimr  unvullatiiiidiK  beleuchtcteii  I'lunetcn- 

sL'heibo.     Astron.  Xachr.,  129:  377-K8. 

Christie  (W.  H.  M.)     New  dome  lo  be  crcctud  »t  the  Koyal  Observatory,  Ureen- 

wioh.    il.    Month.  Not..  51: 436-8.    1891. 
Ooubla  atara. 

HuAHHA.M  (N.  W.)     Ciimpanluii  iif  Alilebaruu,     Mouth.  Nut.,  51 :  311-3.     1891. 

.    Compaoiona  to  Kegulua.     Mutitb.  Xot.,  Bl:  460.     1891, 

•^.    Doable-star  discoveries  aud  measnros  made  iu  1891  with  the  3U-iauh 

equtorial  or  the  Llok  Obaervatory.    Astron.  Nachr.,  130:257-^.    tS92- 


750  A8TBON0MICAL 

Double  stars — Coatiuued. 

.     Invisible  iloiililu  atan.     il.     MiiQib.  N.>[..  r>t :  38S-9r>.     1891. 

,     Motiou  of  20  Draoonis.     il.     Month.  Kot.  .11:  4.')9.     1891. 

.     Motion  of  2  2J2r..     Moiitli,  Not.,  52:97-100.     1891. 

.     Not*  on  ...  S  186.     Si.l.  Moss.,  lOr  72.     18!n. 

.    Orbit  of  02  269.     OlMry..l4:  263.     1891. 

.    Orbit  of  K  Pegasi  (,«  989).     Month.  Not..  51:  313-6.     1891. 

.     Otbitof  fl  Delphiai.     HiA.  Mesa.,  10;  215.     1891. 

.    Orbit  of  OS  285.     Sid.  Mi-w.,  10:  273-6.     1891. 

.     l>ro)>er  tuotina  of  i:  1321.     Sid.  Mchb..  10;  168-71.     IWIl. 

Cmstikik  <(J.  C.)     [Hiiru1iiiiii'»  inrfl.o.l  ..f  cbwrvinK]  double  Man.   Si.l.  Me*.. 

10:  377-9.    1891. 
ai.ASRXAPP(8.)     Babiidw  I )»|)[Hilal«m<i  .JHK3.     .\Htr<>n.  Narhr.,  130:409.   IftlS. 

.     Fdibii  lien   Dtnipelst«-rn»  K  SuxtantiH.     Axtron.  Kachr,  130:  411-.*..    189!. 

.     B«Htimiu>iiig   der    Balm    dea   Doppelslems   ip   Unas   Majoris.      Astron. 

N'ni-hr.,  130:415-22, 

.     Orbit  of9Argn8,y?  101,     Montb.  Not..  52:  546.     1892, 

.     Orbit  of  tbe  double  star  n  I'ogasi,  A.  C.     Moutb,  Not.,  52:  648.    1892. 

.     OrbitofS186.    AHtron..rour..  11:  41,71.     1891. 

.    Orbit  afff  612.     Astrou,  uud  Astropliys,  II :  46.     1892. 

GoRK(J.  E.)    Orbit  of  OS  269.     Monlh.  Not.,  .12:  .->50.     1892. 

.     Orbit  of  )  Corouie  Australia.     Month.  Nol.,  52;  503.     1892. 

.    Orbit  of  yC'Dtfturi.    Montb.  Xot.,  52:  i5fti.     1892. 

.     Orbitof37Pe«asi  (S2912).     Astron.  Na«-br.,  131:  137.     1892. 

.    Orbit  of  Z  2525.    Month.  Not.,  53:  44.     1892. 

HAi,r.  fA.)    Noten  on  double  aturx.     Astron.  .Tonr..  12:  4.33.     1892. 

.     Relative  motion  of  61  Cygiii.     Astron.  Joiir.,  11 :  140.     1892. 

Lbavrnworth  (F.  P.)    Person al  error  in  obxprvat ions  of  ponitiou  angle.    Sid. 

Mess.,  10:116-9.     1891. 
Lkwih<T.)    Orbltof36  Androraeil*  (£7;i).     Montb.  Not..  51:  462-6.     1891. 
PlCKKltlKU  (E.  C.)    Discovery  of  double  stars  by  means  of  their  spert  rs.    .\8tTDD. 

Nsrhr.,  127: 155.    1891. 
l>owKLi,(E.  B.)    NoteouthoorbitofiiCeiitauri.     Month.  Not.,  52:  506-8,    189i.         I 
Sen  <T.  J.  J.)    Origin  of  tho  stellar  nystems,     Obsry.,  14 ;  115-22.    1891. 

.    Great  excentricities  of  the  stellar  orbits.     Olisry.,  14  :  92-5.     1891. 

8ki,loii8(B.  P.)    Orbit  ofj^Coroiiin. Australia,     Month.  Not.,  53:  45-7.     1892.  ' 

VoflRL  (H.  C.)     Bomarks  on  Mr.  Powlrr's  note  on    the  dnplicity  uf  a  Lyn. 

Month.  Not.,  51:  104-8.     l«!.l.  j 

,     Periodo  von  a  Virginis.     Astron.  Nachr,,  127;  255.     1891.  ■  I 

Donbl«  atari  (Orbits  of).  | 

RaMiuut  (A.  A.)     Determination  of  double-star  orbits  from  siiertriwropicobsar- 

vationsoftho  velocily  in  the  line  of  sight.     Month.  Not.,  51 :  316-30.    1891. 
.     fleoniftric;il  niBthnii  of  finding  the  mowt  probable  apparent  orbit  ofa 

doublostar.     4  p.,2  pl..Nv„.     Dublin  1891,     R.-pr.  from  l*roc.  Roy.  So..  Dnbl. 
Earth. 

CoRNr  (A.)     Rcsearcliex  on  rbi^  mean  ili-nsity  uf  the  eartb.     Montb.  Not..  51:         I 

446.     1891.  I 

Klammariiin  (C.)     Comninni  arriveru  la  Itp  du  moiide.     I.Watrou.,  II:  416.  4."'7,         ' 

1892. 
Haupt  {I',)     Momentunliewetcuugen  der  Krdaxe.     Aolrou.  naobr.,  129:   249-68. 

1892. 
Barth  (Orbit  of). 

Hall  (A.),  jr.     Secular  portUTbations  of  tbe  earth  ]>roduced  by  the  acliuii  of 

Mars.    Astron.  Jour,.  II:  2.'>-8.     1891. 
Links  (R.  T.  A.)    Secular  perturbations  of  the  fartL's  orbit  by  Mars.     Monlb 

NuL,  52:  80,479.     1891. 
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BcUpu  of  the  Sim,  1889,  Jan.  1. 

Kepokt  or  the  obaervatioiis  made  by  tbo  W'tMbington  university  eclipso  pu-ty 

at  Xt>rni;iti,  Cal 39  \>.  T  pi.     'Ito.     Cambridge,  IS9I. 

Un"«\  (W.)  aud  RoTCH  (A.  L.)    Meteorological  aud  other  obiervatioQH at 

Willows,  Cal.     34  p.     il.    4tu.     Cambridge,  1892.     Ann.  Harv.  Coll.  Obary., 
V.  29,  No.  I. 
BoUpw  of  tlie  Sun,  1893,  April  19-16. 

Phitchktt  (H.  S.)     [ObMTviDf;  alatiotiH  available.]     Aatroo.   ami  Astropbya., 

11:  45*-7,     1892. 
TuuD  {■>.   IM     Datik  (cliiHily  meteorological)   bearing  upoD  the   selection   or 
[obsurviiiK]  statioua.    24  p.  Svd.  [ii.  p.  1892].     Repr.  from  Am.  Meteorulog.  J. 
BoUpsea. 

TistiKnA.NK  (F.)     MoToment  <]e  I»  lime  ut  tesplus  anciuunea  ^dipaea.     il.     L'Aa. 
troll.,  11:161-71.     1892. 
BcUpoes  of  the  Moon. 

Haht.haxn  (.1.)  Viirgriiaiioniiig  dex  Enlacbatteus  boi  MoiidliiiateniiBMn. 
Abhaudl.  d.  math.-phyi.  CI.  il.  k.  niicb.  OeselUch.  d,  Wissen.,  17;  365-553. 
1H91. 

tti-r.  Iir  Sevl>M(«r  (li.l    VrtUwIir.  <I.  rwtron.  (icHllaob.,  21:  I«e-20«.    1«82. 

Eolipses  of  the  Sun. 

Grl'bv  (I..  J.)    Fonaule.H  riclipciqiie.t  de  Haosen  slmpliH^es  et  d^montrdea  gte- 
iii(Strii|iiemeiit.    il.     Bull.  Aatrou.,  U:  233,  286.     1892. 
Electrical  lUaminaticu. 

Uakci'hb  (A.)  Kioriohtuug  ziir  olektriaclion  lioleuohtung  astToiioniieoher 
iDatrumoute,     Aatroo.  Nncbr,,  130:  41,     1K92. 

fzntiKR  (K.)    TbeoriB  der  Beobacbtungafebler.     13+il8  p.  Kvo,     l.eipzig  1891. 

KfP.  l>ylUln«U(.^.>    VhU'kUc.  >l  ulroD.tiearltMb.,  27^t-l£.     lite:. 
LKKMA!iN-FlLHf.B{R.)    Wabracheinlicliatx  Fehlerverthcililngeu.  AstroD.  Nacbr., 

127:305-15.     IK9I. 
Vkltmans  IW.)    Tbeorie  der  Beobnuhtuugsruhler.     Autrou.  Nachr.,  131 :  1-16. 
1892. 
Flexiua, 

Gkiti^y  (L.  J.)     Meaiire  dirertu  de  lit  flmiou  dii  limbo  d'liu  uercle  mfiridieu  par 
se.1  proprr.H  microaciipen.     il.     Bull.  Astnm..  H:  67-72.     1891. 
deaasparlB(AQDibalel  [1819-'92.] 

FkhgDla  (i:.)     Noitrologia.    Aatrou.   Narhr..  129: 247.     1802. 
Oautler  (fimile)  [1822-91]. 

WoLK  (K.)    .\'<!i'roloK.     Vrtljachr.  d.  aatrou.  (ieaellach.,  26:  185-92. 
Tnr biojrayhj/  it-,  aUo.  Anlron.  Nachr.,  I'X:  3M3.    I»^l- 
For  Forlrail.  wb  VrtUn'hr.  d.  utron.  tiewllH'ta.,  'M. 

OegenBCheln, 

Barnaiui  (E.  K.)   .ObservatioiiH. . .  luadu  ut  Mount  Hamilton,  1H83-'91.    Aatrou. 
Joar.,  11:19.     1891. 
Ooodaell  Observator;, 

Williams  toteHt'ope  of  Gooflaell  Ubaervutor.v.     Kid.  Ues«.,  10:354,  376.     1891. 
Grant  <Robert)  (l8l4-'92]. 

C.  (R.)  [BiograpbiciilBketcb]  Natiin-.  47::16.  (.1832,  Nov.  10.)  Also:  Astron. 
and  Aatropbje.,  11:878-80.     1892. 

Hk.vi>rnhall  (T.  C.)  DetormiiiatioiiH  of  gravity  with  half-aecoud  peiidulumB 
im  the  L'acitic  coasT,  in  Aliu«ka  and  at  Waahiiigton,  I).  C.  and  llolwketi.  62 
p.    8vo.  Waabiiigtoii,  1882.     A  pp.  15.     Rcpt.  U,  S.  C.  and  U,  Sutv.     1891. 
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Haivard  College  Obsenratoi;. 

EXPF.PITKiX  t«  tlio  tSoiitheTD  Lemiaphert!.  Pub.  Astou.  >Soc.  Pacttic,  3 :  128.  IKIl. 
Flrhing  (M.)    Hnrv:ir(l  (Jolluge  Observatory  aBtvonomkal  espeditioti  to  Peru. 

Pub.  AitroD.  Soc.  Pacific,  4:  58-62. 
PiCKERIXO    (B.   C.)      A  large  southern   telesrope.      .\Htroii.   un<l   ABtrophjiL, 

11:783-5.     1892. 
.     [Suggesting  subscription  for]  a  large  southern  telescope.     3p.  4tu.    Cam- 

bcidge,  1892. 
Pickering  (W.  H.)     Mountain  station  .  ,  .     [at  Areiiuipa,  Peru],     il.    Astroo. 

and  Astropbys.     11:353-62.     1892. 
VOnHaynaia  (Lndwig)  [1816-'9I.] 

Fl^Hyt  (.1.)    To<luHanzeige.     Astron.  Nactir.,  128;  15.     1891. 
Heliom«ter. 

GiM.  (D.)    Seduction  of  distaucen  t'rotu  heliometer  iibsurrations.     il.     Astrou. 

Nachr.,  131:  185-92.     1802, 
LORGHTZKN  <G.>     Uotersuchung  der  Scalen  eiuee  Elelinnietors.     AstroD.  Nscbr., 

131:217-38.     1892. 
SCHUit(\V.)    System atisclie  Corructiuneu  von  Diatanzmessua}^!]  am  Heli'imr- 

ter.  Astron.  Nachr.,  131 :  381.     1892. 
Interpolation. 

FRCI4CKAUP  (I.)    Grenauigkeit  interpolirter  Zablen.     AslroD.  Nacbr.,  130:123, 

1892. 
Rauau   (R.)     HJttidea  hut  tes   rorrnuluH  d' interpolation.     Bull.  Astron.,  8:273, 

325,376,425.     1891. 

Barnard  (E.  E.)     Observations  of  tlie  plauft  Jupiter  auil  his  satellite*  durini; 

1890  with  the   12-inch  equatorial   of  the   Lick  Obitervator.v.     Mouth.  Not., 

51:543-55.     1891. 
.    ObservatioDS of  the  spots  aud  markings  .  ,  .    Month.  Not.,  52:  7-16. 

1891. 
Clerke  (A.  M.)    Jupiter  and  bin  aystom.    44  p.  8vo.     London,  1892. 
ELnER  (T.  Q.)    Rl^ceDt  ilisturbance  in   the  northern  hemisphere  of  Jnpiler- 

Obsiy.,  15:109-12.     1892. 
FLAMMAItiOK  (C.)     LMcouvertcari^centeeeur  Jupiter,    il.     L'Astron.,  It :  81-93. 

1892. 
Hoi.DRN  (E.  S.)  anU  Cauprrll  (W.  W.)     Negatives  of  Jupiter  made  with  the 

great  telfscope  of  the  Lick  ObaerTntory  ilnrlu);  1891.  Month.  Nut.,  52: 499. 
Krri-er  (J.  E.)  Ked  spot  on  Jupiter.  J.  Brit.  Antrou.  As^n..  1 :  43.'>.  1891. 
Landerkr  (J.  J.)    Les  dimensions et  la  latitude  joviceutrique do  la  tai'he  range 

de  Jupiter.     Bull.  Aetron.,  9:  246-8.     1892. 
Levrau  (B.)    Dotetuiiniition  de  In  luasse  d(>  Mars  et  <Io  la  Jupiter  ])ar  tesoharr- 

vatiouH  niL-riiHeniics  de  Ve«ta.  Compt.  Ui-nd.  112:  332-6.    1891, 
Plassman  (J.)     Der  Planet  Jupiter.     Danttelluiig  der  wiehtigsten  Beobarht- 

nngNerKebnissc  und  KrkliirnnKsversuchi'.     116  p.  il.    Ktilu  1892, 
SuHUii   (W,)     I'htorsnrbung   Uber  die  Figur  iles   Plauetcn   Jupiter.     AstroD. 

Nurhr..  129:  10-14.     1892. 
WiiJ.lAMB  (A.  S.)    NotfR  of  a  preliminary  examination  of  jihotograpbn  ■  .  . 

taki-n   at  the   Lick   Ubiiervntory   in    1891,     il.     Pub.   Antrou.   Soc.   Pai-iBc. 

4:166-78.     1892, 
,    Outburst  of  spotB  in  the  uortheru  hemisphere  of  Jupjttr.    Obsry,,  H; 

361.    1891. 
— .    Be<UpotoD  Jupit«T.    .1.  Brit.  Aatron.Aqsii,,  1:136.    1891, 
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.     Re<hicti..nof  iiiea 

serviitory  in  1K90.    il, 
Jupiter  (Orbit  of). 

D«WHi«0  (A.  M.  W.)    Note  on  DaiiioiSBan's   ■Tubli-H  <<rli|iti<in«H  de»  HutvlliteH 

lie  JapiWr."    Moolli.  Ni.t.,  63:  573.     IKHZ. 
HlLL((i.  W.)     Aitilitiouill  teniiH  in  tlic  hTPnt  LiieiiiiiilitiiHUI' Jnpit«riin<l  tNitiiin. 

Antrou.  Joiir.,  11 :  4»-51.     IWtl. 
Jupiter  (Mntelliti-B  i>r). 

lt.kiiSAKii  (K.  E.)     UiBvovpry  aud  uliRernitiiiiiB  of  u  tiltb  RHttllile  to  .lupitHr. 

Antrim.  Jnur.,  12:«1-B,     1M!I2.     AUo:  Astrou.  Nufhr.,  131:  73.     1K92. 

.     Xat«oii  tliuiHTiml  of  thefifth  Bat«llite.     ANtroii.  Jonr.,  13:  103.     1893. 

.     Note  on  tlio  pt'rioil  and  diBtuiicn  of  the  fiftli  Hitt«lliM  nf  Jiipiler.     Jloulti, 

Not..  53:  36.     1«9H. 
.     Some  further  obBorvati.uiB  of  the  (iftli  aalcl]it«  .  .  .     Obsry.,  ir,:  435-7. 

1892. 
[DiscuvKRY  of  n  Itfth  HuteUite.]     Piili.  Astiun.  Hne.  PaciRo.,  4:  199.     1892. 
KSTCKCKUNG  eiin-8   niuftcn  Jiipiterstrobiiutiin  dDrrh  Bamunt,   1S92,   S>>|it.  9. 

AHtroD.  Nachr..  130:  ;r7ri.    1893. 
Frkkhan  <A.)    Sidcriiil  period  of  tlx'  iien-  sfttf  )lite  of  Jn]iitpr.     Mouth.  Not.,  53: 

37-9.     1892. 
VON  H.1KRDTI.  (¥..)     IiK'frnlitt^  dii  <iimtri<-me ordre  proveuoiitde  I'tuitiou  nmtiiclle 

dra  ilfiix  ilcruivtB  HatellilfN  <1e  JiipittT.     Uiill.  ABlron..  9:  3i:i-6.     1892. 
LvxN(W.T.)   Noini'i>i'latiireurtW.><a1ell[lct(of  Jupiter.    Obsry.l5:  *37-9.   1832, 
Maiitii  (A.)     l}at»fiircoiiipntin|{tliei>[«ltiO]iJ4of  MiBHHtelliteHof  Jupiti-r.  1891; 

witli  tublesof  tbo  iDeqiinlitii'H.     Mouth.  Not..  .11 :  505-tl.     lrt9l. 
.     Data  for  compiitiii};  the  jNMitirmx  of  tho   Hiiti^Uit's  of  .Iiijiitrr.     1S92. 

Monti).  Not.,  52:  574-«i,    1892. 
MictiRi.MON   <A,A.I     Mi'aniimiieiitof  JupitiT'K  HntiHIit^B   by   interfuruiire.     il. 

I'nli.  Astroii.  Soc.  I'iiiitic.  3:  274-8.     Wn. 
Karlemhe  Obssrvator;. 

VKKlil'I'BNTIJCIUNCiEN  ...    I.   Ilefl.      1  1-|.;HI7  |..     41,).      Kutlsriib.?,  IMirj. 

Kenwood  ObMrratorr. 

Hai.e  (G.  K.)     [nPHcTiptioii].     I'lili.  Astroii.  ^S«l■.  Pui-iHc,  3;  :«M.     1891. 

.     [De^ii]itioii.]     il.     Sid.  Mebk.,  10:321-3.     INStl. 

Yolisu  <C.A.)     [.IddroBS  at  the  dcdirution.]     Sill.  Mes.-..  10:313-21.     1891. 
Kepler's  problem.  , 

Pbtebs  (C.  K.  W  )     Henierknuit    xum  Kepler  Hili.tn   Problem.      A»tron.  Sa.hr,, 
126:391.     1891. 
Klelber  (JoMph).    flKHTi-^.l 

liLASBNAPP  (-•*.)     ToilciMiu/eijte.     Axlrini.  Xafhr.,  129;  Ifil.     IS93. 
Ladd  ObaervBtory. 

B<>GER3(W.A.)     AililrexSHt  the  deilicution  .  ,  .     Siil.  Mens.,  10:  401.     1801. 
L'PTON  (W.)     [Dewi'iption  of  buiidiiig  aud  iiir.|rmiifnl«.l     Sid.  Mtw..  10:  503-5. 
1891. 
Lamp  (Johtuues  Cbriatlan).    [1K57-'91]. 

AlWEBe<A.)    T»il.«iiiizetgt.     Astroii.  Xai-br..  138:239,     1891. 
Battkhmank  (H.)     Neitrolog.     Vrtljuchr.  d.  ABtron.  Gcaellacli.,  -'T:  2.     1892. 
Latitude. 

llBCK{A.)    Aiiweodiinf:  eiiien  Objeotivpriwiumt  znr  Z«it- iiuil  rolbilheulicstiin- 

mung.     Antrou.  Nochr..  1.30:81-96.     1893. 
CiiKTI(J.S.)    New  method  for  tho  Bitiiiilt:ineoiiB  detenu  in  atiou  of  latitude  and 

azimuth.     Sid.  Meas..  10:  189-94.      1891. 
MAKiTt'aK  (A.)     Au^Tl>^d<lIlg  pbotoirrnphiHrher  Metliodeii  filr  I'ldhoheuboBtim- 
DiungeD.     Vrtljsi-hr.d.  ABtii.jn.(;if.Bllfuh.,  27::i0«-13.     1893,        (  ■.acioIc 
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d'Abbadie  (A.)     Flactnatinu  den   latitudes  terrestres.     Kail,  AHtmu.,  9: 8^102. 

1892. 
ALnRKCHT  (T.)     Provisoriache   Resiiltalu   der   BeobachtiiDi^reilieii   in   Berlin. 

PotBdam  nud  Prug.     ABtron.  Xachr..  I'M:  149^~>8.      1K91. 
.    Re«nltat«  der  fortgeaetzten  BeobachtiingBrelheu  in  Berlin  uiid  Fntg. 

Astron.  Kachr.,  12H:  129-36.   1891. 
.     Besultate    der    BeobaohtiiugHi-cibeii    iu    Hertiu,    Vng.    Strassbut);  uni< 

Honolulu  betreffeud  dis  Veriindcrlicbkuit  dtr  Polbuhe.     il.     Astrun.  Nacbr.. 

131:169.     1892. 
BAKHi,'rzifN^  (II.  G.  van  dt>  Saude).     VariatiiniB  of  latiinilo  di;ducc-d  fruui  thtr 

obaen,'ations  of  I'olnrJH  iiik<k  at  Greenwich.  1851-lt»9.     il.     Uoutli.  Not.,  M: 

2R6-306.     1891. 
HreKHBL  (M.)     Kinflusa  von  PolBcbwaDkUDRCii  aaf  die  geogra^ibischu  Lkge  der 

Krdorl*.     Aatron.  Nachr.,  I31:.'i!t.     1892. 
CiiAN'DLER  (S.  C.)    Variation  of  latitude.     AHtron.  Jour.,   11:  59,  ti-i,  75.  KS; 

1S91;  12:17,  57,  6S,  97.     1892. 

.     Snjipoaed  secular  vanatiou  of  latilndea.     Aatroii.  Jour.,  11 :  107-9.     1892. 

.    Nnte  ouaerularvariBtioa  of  lutitudi^.     Astrou.  .lour..  11 :  l;H.     1^92. 

.    Ou  the  WasbiuKlou  prime- vertical  obsurvatloua.     .Matron,  .lour.,  11 :  171. 

1892. 
-    COMSTOCK  (G.  C.)     Kelatiou  of  tlie  ptriudic  iind  secular  variatiouH  of  tbe  lati- 
tude.   Aatron.  Jour.,  11 :  92,  116.     1892. 
.    Secular  variation  of  latitudes.     Aatron.  .lour.,  12:  21.     1892.     AU,<  Ain. 

.1.  Sc.,  142:470-82.     1892. 
.     Vsriatioiui  of  latitude  observed  at  the  Waiibliuni  Olmervatorj.     .iatnin. 

Nacbr.,  I2T : 97-lM.     1891 . 
UodUTTLB   (C.    L.)     Latitude  of   tbe   Sayr«    ((bsen-aturv.     Astrun.    .Naihr., 

128:213-8.     1891. 
Ft-AMMARION  (C.)     VaHabilit«  dea  latitudes.     L'Aslron.,  10:  139-15.     IXill. 
Cort.D  (B.  A.)     IVriodic  variation  of  tlie  lutitude  at  Cordoba.     .\$tr'iu.  .Innr., 

11:129,137.     IH.'tt. 
HKLMKRTtl'.  R.)     F.rkliiruni;  der   beokiohteten   BreiteuUuderuu^'in.      .VMruii. 

Narfar.,  126:217-24.     1891. 
llEia  (N.)     Hemi  FoIip'h  t:i):lii-lii'  Polhillienscbwaiikau);.     .^Niruu.  Naebi..  l-'i: 

273.     1891. 

.     Jabrlicbe  Veniuderuug der  Polbilben.    Astrou.  Xatlir..  I2C: :e»-;u.    IBUl. 

•      .I.M'OBY   (H.)    tierniitu   vnriattuu  of  latitude  work.     Aatrou.   and  Arilrogiliyii., 

11:471-7.     we. 
K<>.sTlN.«KY(&.)    Variations  de  la  latitu<le  d<'  Toulbovo  en  I891-1KI2.     Astrou- 

Ninbr.,130:::51.     1892. 
LwP  (J.)    Nireanscbvratiknnfieu   der  Oceanc  als  eine  mogliche  I'Tsaelie  ilcr 

ViTiiuderlicbkeit  der  Polhohe.     Astn>n.  Nacbr.,  126:  223-6.     18t)|. 
MAltoi-si!:(A.)     Ri'sullatederfort^set/ten  Bi-rliuer  Beobarhtnnj'Hn'ilK' l-elr.dii' 

Ver-iuderliebkHt  der  I'nIbSbe.     Aatron.  Narbr..  127: 37.     1891. 
.    Ergebniaee  der  Ex]>e<litiou   uaih  Honolulu  r.nr  Untenuibun^'  d.-r   l-ul- 

brdieniindenint!-     A«tron.  NaiUr..  131:297-302.     1892. 
NEn'i'OMH  (S.)     n.vuHiuiCH  of  the  earth's  rotutjon  witb  re«i>e<t  to  Ibc  ]>erioilio 

variations  of  latitude.     Mouth.  Not.,  52:  ;t36-41.     1892. 
.     Law  nud  tbi'  iteriotl  of  tlie  variation  of  ti-rrnKtrial   Intitudes.     .\iitnin. 

Nacbr.,  130:1-6.    1892. 
.     Periodio  variation  of  latitude  and  tbi'  observations  with  tlio  Waabini.'lmi 

)triina-vertirn1  trunail.     .Vstnin.  Jour,,  11 :  81.     I8tll. 
.     Reninrks  on  Mr.  IbauiUers  law  of  variation   of  temwtrial  latilnd«a. 

Aatfou.  Jour..  12:  49.     IK-rj. 
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Thackkrav  (W.il  I  ;iii<l  Tiimcvdl.  H.)     Vnriatmo  i-f  lAtitude  aa  iuilitated  by 

recent  obMrvalionH  at  .  .  .  (iri^nwicb.     Month.  Xiit.,  53:  :i-Il.     1892. 
Thomson' (W.)     ViitiiitiniiH  of  Bliort  period  in  the  laritudo.     Nature.     (l'0''-3, 

1891.)     Abilr.:  Pull.  .\Hlron.  Soc.,  PsciHr,  I : ;«.     l«i>2. 
Wasaih  |B.)     Si'tiwiiukiinKen  der  Pidhohe  v.m  I'liikowa.   IKIt)  uud  1H91.     il. 

AKtron.  Sai-hr.,  ll-it:  Si-^-M.     I«I2. 
.     Ableitniig  di-T  I'lilliriheiiHi'lmankiiiiiii-ii  aiti- iilt<'r>-u  i'alkowii<-r  )<tM>Ii3cli- 

tniiften  im  iTatrti  Verlioal.     .Vstroii.  XiK'hr..  1*1:  ai-'i-TiL',     18H2. 

IttHNflAM  (S.  W. )     Srw  tularKilig  liii.'l.innipliic  lone     Asiruu.  uud  Aotropliva.. 

1 1 '.  3.~>6-62.     iH^i. 
Hou>KS  (K,  K.)     Whodiaitivered  tbi-  n|itit-al  i>r<>|i«rlii»t  of  iensex!     Tub.  .^^itruu. 

Soc.,  roeifit.  3:  133-10.     ltC91. 

Hall  (A.)    Th»  spirit  level.     ;sid.  MeHs..  HI:  IKT.     1K9I. 
Tl-RNUt(H.  il.)    Nev  luTius  uf  lovflH.     Month.  Not..  52:  52-6.     ISDl. 
Lick  ObBerratoTj. 

HuLDlfN  (E.  8.)    Not«  on  tbv  uarly  liinlory  of  the  l.ivic  obiwrvalnr.v.     ii.     I'uU. 

AdtroD.  8w..  Pacifip,  ^  :  Viit-M.     WW. 
.    The  ifrvHt  rplescoji*;   iln  acromplishnieiitH  Hit  ncieni-i-  diirhiK  tUr  |>a*t 

year.     il.     8au  .lone  Daily  Mer.iiry,  Jan.  1. 1«t2. 
SiiiNN  <M.  W.)    The  Lick  aHtronomii-nl  deimrtoient  of  the  Uuirersity  of  (:ali- 

Cornia.    2^  p.     il.    8v<i.     I^an  FrRnciwo,  1832.     Kfpr./rom:  Overland  Month.. 

Nov.,  1892. 
Light. 

LanoLKV  (S.  I'.)     Kner^y  and  vision,     il.     Mem.  Natl  AcihI.  si..  .">:  T-IH  (V.  6, 

Imein.).     t8!ll. 

Lituar  theoiy. 

Hkowx  <E.  W.)     Di-lenninntion  of  a  certain  rlas«  of  iuii|ualitioH  in  tin-  moon's 

motion.     Monlli.Xot.,r.-i:71-W).     IKIl. 

.     Note  on  tbe  liiniiT  tbeory.     Month.  Not.,  52;4(X.     1892. 

(.'AVLBY  (A.)     \o(.'«n  the  Innar  theory.     Month.  Not.,  5:.':  2^5.     IKU. 
DANCKVitORTi   (A.)     Die   votn   Monde  venirnurhte  atmosphiiriHrhe   Kliln'  nnd 

Flath  in  Dexng  auf  Kntfeninnj;  nnd  8tnndetiwiokel  den  MonileH.    54  p.  Kvo. 

MnKdobntK.  1891. 
(i<>Kt>i>>((.T.)     Corrections  to  Hnnm-n'sTablcHdH  la  luiu-.     Month.  Not.,  :i3:  H-Ut. 

1832. 
IfADAt'  (K.)    Noli'N  relatives  ik  i|ueli|ues  pointH  de  la  Ih^orie  de  la  Inne.     tiull. 

.\strun..  9:  361-74.     1K92. 
.     KerniiriineB  snr  certaines  ini^ga1it<^s  ii  ]oii)(ue  pt^riode  dn  uionvcincnt  de  In 

lime.     Itnll.  A«ron.,  9:  1.17.  IWr.,  2jr..     18.12, 
STocKWKi.t.  (.1.  N.)     Mean  and  secnlar  motion  of  the  moon's  ]>enK<'<'      .\Htrou. 

.lotir.,  10:14r.     1891. 
Stonk  (E.J.)    Verilioation  of  the  eipniwIonB  piven  in  liflanniij'H  lunar  tlieory 

by  n  direct  diR'erentiation   and   subntitntion   in   tb<'   did'i-rential   e(|nalk>ne. 

Month.  Not.,  .-li:  fiH-70.      1891. 
Tl.*SKHA.VD(K.)     Note  BUr  I'l^tat  nctnel  de  la  th<^»riu  de  l:i  Innc.     Itiill.  .\Htton.. 

8:481-603.     1891. 
.     Acc<'l<'rntion    scciilaire  de  la  Inne  ct  snr  la  vnriHbilitiS  iln  Jour  sid.'ral. 

Compt.  Rend.  113:lifi7-9.     1892. 
Ti-UNKK  (H.  H.)     Kystematir  errors  of  the  moon  in  right  asicnsion.     Monlb.  Nut., 

.'i3!ll-l«.     1892. 
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Barxahp  (E.  K.)     [KemarkH  on  oliscrvfttiona  of  18»2  at  tlie  Lick  Observatory.] 

i1.    Antron.  niid  A»itio)iby8.,  11;  680-4.     I8tl2. 
CoMATOcK  (G.  C.)    Observationa  ...  at  tbe  WoNbbiim  Observstoiy.     Astron. 

and  ABtropbys.,  11 :  679.     1892. 
Fi^MUARiuN  (C.)     [DeSHins  il<>]  la  plam^te  Mare.     L'Astron.,  11:  321-31.     1893. 
,     La  pill urte  Mam  et  nea  condiliuns  d'hubitabiliti^:  synthase  gfnfrale  At 

(oiitBM  lea  obsi'tvatious.    4to  il.     PhtIb,  1892. 

.     Nourellea  obserratioiis  BurMnw.    il.     L'AstroD.,  10;  162-70.     1891. 

,     Nouvellen  obiiervatiouB  aur  la  jilaui^te  Mara.     il.    L'Aatrou.,  It:  367,  4il. 

1892. 

.    RetoDr  <le  la  plaa«t«  Mara.     il.     L'Aatron.,  11 :  201. 288.     1892. 

.     SuiHnii»  aiir  la  plaii^t»  Miira.    il.     L'Astmu..  10:  323^2.     1891, 

— — .    Viirialiiins  I'ertaiiies  observi^ua  Hiir  la  plsu^tii  Unra.     il.      L'Aatrun.   10; 

88-102.     1891. 
HOI.UKK  (K.  R.)    Vote  on  the  Mt.  Hamilton  observalioaa.  .  .     June-Aii);.,  1892, 

il.     AHtniii.  ami  Astmpbye.,  11 :  663-8.     1892. 
Prkhotin  (J.)    Obacrratioua  de  la  plnni-te  Mare.     Corapt.  Ri'ud.,  115:  379-«l. 

1892. 
Pl.KKRIsii  <W.  H.)     [Cliiin-tPBon]  Maiv.     it.  A»troii.  ami  Astropliya.  11;  668-75. 

1892. 
.     ('oloTB«\bil)it«dby  tbe  planet  Mum.   Aalmn.iiud  Antrupbya..  11 :  449,545. 

IWfi, 
.     [Miimiiuiry  of  obaervntiaUH  nt  Areqni|)a,  1892.]     AstToii.  and  Aatro|>b,V8., 

ll:fa!t-52.     1892. 
SCii.VKnKKi.i-',   (.1.   M.)     I'rdiiuiiiary   nof«  on   tbe  oliHorvuttouH  of  tlie  aiii'fnre 

featiireH  .  .  .  dtiriii);tlii- oppoaition  of  1892.  I'nb.  Aatrou.  Sik-.,  I'ai-itii',4 :  196-8. 

1802. 
.''tiikb,  (E.  J.)     [Solar  parallax  from  iiieriiliau  obsen-atioim  of  Mare,  1892.] 

Month  Not.,  r>2:  .-.38-41.     1892. 
TEnBV(F.)     I'hvBical  obaervnlinDnnf  Man.   Astron.  atid  Astropb.vs.,  11;  478-80. 

1892.    555-e. 
WiLflON  (II.  C.)    ObttitrvntiunH  .  .  .  iit  Goodaell  Obaurvator.v.     il.     Aatron.  and 

AatnipbjB.,  Il;6*l,  1892, 
Wisi,icKNt'i«(W.  F.)   rbyaiebe  Bmbnrbtiingen  dea  Hare  wiibreDditfTOppoaitiim, 

1890,     il.    Aatron.  Nacbr.,  127;  lGI-8.     1891. 
YorsG(C.  A.)    Observationa  .  .  .  at  .  .  .  Princeton.     AatniTi.  and  Aatropbya., 

11 :  675-8.     1892. 
IliIara(UiaiuuteroO. 

TlHSEHANii  (F.)    Siir  ]e  diaiuMre  de  Mars.     Bull.  Astrun.,  9:  417-22.     18!I2. 
Mara  (Orbit  of). 

Von  Haf,ki>ti.  (K.)    Note  aiir  troia  iiK^ftalitea  i\  loiiKiie  p^riode  du  lunnvement 

<le  Mare.     Bnll.  Aatron.,  9:  409-17.     1892, 
Mara  (Satellites  oO- 

Coi-ELAND  (R.)     Pretended  early  discorery  of  a  autellite  of  Mara.   Month  .N'ot., 

52:493.     1892. 
Meotaaoica  (Celcatial). 

Leiimanx-Fii.ii^s   (R.)     Zwei   Fiillc  <1oh  Viclkrirpirproblema.     Aatniu.  Nacbr., 

127:  137-U.     1891. 
Foixcar£(H.}     M<<thodesDonTeHe8delam(^cani<)iieci'bHte.     2rol.8vo.   Paris, 

1892. 
.  DeTeloppement   approcUiS  do  la.   ftmdion  perturba trice.     Compt.  Rend,, 

112:269-73.     18U1, 
SEKLinp.K  (H.)     Ueber  allgenicinu  I'rublemc  ilpr   Mccbauirk  dca  Himiuelsi  29 
^.         p.  4to,     Milncheu,  1892. 

D.D.t.zea  by  Google 
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Mechanics  (Colesliul) — L'oDtiuiinl. 

Wand  (T.)     Iiitegrutiiiu  ilcr  Ditl'erentiul^l('ichiii]gi>ii  wi-k'lie   die  Itewegungeii 

einoi  SyHtems  von  Punkten  be<itimineii.     AHtron.  \iwhr.,  UT:  35.1-liO.     1891. 

130:377-90.     lKit2. 
M«rcnTy. 

Tbouvklot(G.  L.)    OlmervationB  Kur  Inn  planMes  Vf^nns  nt  Msrciire.     k7  p.     il. 

8vo.     [Par.  1892f] 
Herooiy  ( PismeteT  of>- 

Amiikoxn   (L.)     Beitrag  siir   Bi>ntiDimtiuii;  den   MoniurHurcbiueHnern.     Antroii. 

NachT.,  127:  157-62.     189t. 
Meronry  (Orbit  of). 

Hahzkr  <P.)     BeiregUDg  ilea  Merourpenhela.     Antrou.  Nachr.,  127:  X\-H.     1891. 
Meridian  circle  obaervatioDs. 

Sapforu  (T.  H.)     How  to  make  good  ineridiitii  u1)sctrvatii>iiii.     Siil.  M«sn.,  10; 

113,209,101.     1891. 
Meridian  marks. 

OauKV  (L.  J.)    Trans  formation  d<iB  minu  meridieiiiicN.     Hull.  Axti-on.,  8:  321-4. 

1891. 
Meridian  (Prime). 

N'bw  origin  fiir  terrestial  longitaduB.     .Sid.  MirHs.,  10:2a<)-71.     1K91. 
Meteors. 

Callandrkai!  (O.)    Theorie  des  ^toilci  flUnteH.     Cnmpt.   Reuil.,  112:  1303-6. 

1891. 
COAKLRY  (G.  W.)    Probable  origin  of  ntetooritea.     AHtron.  Hiid  AatriipbyH,  11: 

753-63.     1892. 
DexxiNii  (W.  F.)     Meteor  radianta.     Sid.  Meaa.,  10:  231.     1891. 
.    t'bjHica)  natnm  of  shooting  Htant  and  at)rc>lit«a.   Aatron.  and  Astrophys, 

11:481.     1K92. 
Ki.KlBER  (J.)    DJBplaceinent  of  the  apparent  roiliant  points  of  meteor  sbowurs 

ilue  to  the  attructioD,  rotation  and  orbital  motiuu  of  the  eiurtli.     Munth  Not., 

52:ail-51.     1892. 
.    Opn-delen(jo  orbit  motooruych  potukof.    t""  *'"'  dutiTminatinii  of  orbitt 

of  meteor  atroaiua.]     8+322  p.  H^.     8t.  Peterab.,  1891 

Ktt.  by  Haner  (P.)    Vn^Mtiril.  Anlrati.  Ui-m<-U«'I>.  20:  1«-2I9.    IWl. 
MoxcK  (W.  H,  S.)    AugiiBt  molOiir».     Pub.  Aatron.  Soi-.,  Pacific.  3:  lU.     1891. 

.     Ori)iti  of  metflort..    «id.  iubbh.,  10:  328-31,     1891. 

.     HadiantpointaofinetMirehowem.     Pub.  A^troii,  Soil,  Pacirti',  4:  217-24. 

1H93. 
PLA8.4MANN (J.)    ZweiteB VfiriuiuUuiss voD Hutoorbiihuen.   30 p. 8vo.    Kolii,  1891. 
vox  NiEMaL<0.)    PeriheldintanKeii  und  nnden;  Bnbnekmetitx  jener  Meti^oriteii 

dervu  FnllentnheinnnKon  niit  ciiiiKor  Sicberbcit  l)i<nbftchl'et  werden   konnten, 

77  p.  8vo.     1891. 
MiCTometets. 

Fahkitiub  (W.)     KruiiT^ntJiii-mikrometer.    AittcoD.  Naohr.,  129: 61-5ti.     1892. 
Hamy  (M.)  &  H(muRT  (F.)     Flexion  dea  Ilia  micro  mi'trifiiies.     Bull.  Aatron., 

8:97-101.     18SU. 
PoYXTINU  (J.  H.)     Parallel  plale  double  image  micromet.T.     Month.  Not.,  62: 

556-60.    1892. 
ScRiR  (W.)     Bcmerkuiii;  ?.n  dem  Aufantzo  von  Dr.  Wialiceiiiia.     Uel.er  den  Ein- 

flusaTonRing-iiudSclieibi-iibli-ndi'niiufMlkrometerueaiiuiigfN    .    .    .   Aatrou. 

Nachr.,  123:241.     1892. 
WellmanjKV.)   Neue  Form  diss  Iting-unilRautcn-Mikrometirs.    Ant  ron.  Nachr., 

127:265-70.    1891. 
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MicroiiwMra — Con  ti  ii  uoil. 

WisucBML'.s  (VV.  F.)    Einflngs  von  Biug-imd  ScheibeDblrnilen  aitC  Mikroiuflt«T 
Mi'uauilKon.     ARtron.  Norbr..  13H:  :il5-.'>»,     1H91. 
Milky  Way. 

BoRi>Dic'KKR  (O. )    Tke  Milky  Way  &om  tlio  norib  pole  to  10^  ot  )u>ath  Aeriiam 
tioii    .     .     .     folio.     LoDdoii,  1892. 

Ilft:J. Bril.  A>1nill.  Aun.  2:  200.     ie«2. 

Maktii  (A.)    Gulactic  lougituilcn  and  latituilun  of  the  briehtcr  Htare  in  a  zou 
or  the  heaven,  roDtainiog  the  Milky  Way,     Month.  X.rt..  .'i3:  74-109.     IB92. 
Mlrrori. 

Common  (A.  A.)     SilveTing  glaM  iiiirTorH.     Astron.  and  Astrophys.,  11:  KB2-9. 
1892. 

Waigh  (W.  R.)     Dewinitof  iniirorH.     .1.  Brit.  AHtrou.  Amo.,  2:  130.     IH91. 
Mont  Blanc  Obaenratory. 

.lANiiseN  (J.)     [N'otit  siir   robservatoire  de   Mont  Blanr.]     Com pt.  Rend.,  113: 
179,571.     1891;  lU:  195.    1892;  115:  914-9.     1892. 
Moon.    ISeealto  l.iiunr  tliei>ry.) 

ButiUDicKKK  (O.)    Laiiar  rndiant  heul  meosared  at  Birr  Castle  observatory  dot- 
iiiK  the  tola!  e('1i)>Ke  uf  Jituuury  28.  1888.    32  p.  11.     4to.     Dublin,  1891. 
Jlriir./ron,  Tnu-.  Kin.  Duhi.Suc.  2.  ».  4:  181-SIZ. 

Eu]KR(T.G.)    Laiiar  work  for  ainatenni.     Pub.  Astron.  iSoi.  I'aciiir,  3:  IfiS-Tl. 
1891. 

.    The  Innar  n-slleil-plain   Ptoleuiau«.     il.     .1.   Brit.   Aetroo.  Assn.,  1:  SOi- 

U.     189i: 

TiMiXAmw  (V.)     LftJuiieii48kiloniotre9.     LAstron.,  11:389-31.     1892. 

H[nLDEN'J  (E.  S.)    Exuuiinatiou  uf  the  Lick  Obsen-alorj-  uegativea  or  the  moon. 
I'nb.  Astruii.  I^oc.  PaciKc,  3:  249,  253,  285.     1891.    4 ;  78,  9G.     1892. 

.    PIiotograiihK  of  tlio  moon  made  with  the  great  tel««i.-ope  at  the  Lick  Ob- 
servatory,   tip.    il.    8vD.  [n. p. n. <1.]    Afpi./ron:  Overland  Montb.  Jan.  lr(92. 

.    The   lunar  crater  Cope  miens,     il.     Pub.  Astron.  Soc,   PaciAc,  4:  114-10. 

1892. 

Hartii  (A.)     List  of  pablished  lunar  sketches  and  phatngraphs  arranged  accord- 
ing to  the  sun's  position.     Month.Sot.,  51:164-76.     1891. 

Peai.  {S.  E.)    Comparative  Ht'lenulogy.    J.  Brit.  Astron.  Ass'u..  1:  244-9.     189L 

PiCKF.Rixit  (W.   H.)    Atv  there  at  prewut  active  volcanoes  on  the  moon.    il. 
Obsry.,  Uf.  2.")0-4.     1K92. 

.    Investigationof  the  syteraa  of  bright  ftrenks  vi.tible  upon  the  full  moon. 

Astron.  Naobr..  130:  22,^.     1892. 

.    Lunar  nimnsphere  and  the  reci-nl  occnltalion  of  .lnpit«r.    il.     Aatron.  and 

Astropliys.  11 :  778-82.     1892. 

SPRAfii't:  (R.)    Notes  on  the   Lick    Obscrvalory    Innnr    iibotugrapha.     Obsry., 
1.-.:  2.-V4-6.     1892. 

Vkrv  (F.  \V.)    I'rire  essay  on  the  diMtributton  of  tbe  moon's  heat  and  itn  varia- 
tion with  the  phase.     45  p.     [U  pi.]     4to.    The  Hague.  1891. 

Wri.n'kk  (I..)     Enlarged  drawings  from  luiiarpbotographs  taken  at  tbe  Lick  Ob- 
Hervatory.    il.     Pub.  Aslnni.  S.H-.  Pacific.  3:  333-45.     1WI1. 

.    Netie  Rille  iind  neiier  Kratrr  entde<'kt  auf  den  Mond photograph ien  4er 

Lick  Stemxart*.  Aslnm.  Xai-hr  ,  128:  139-12.     1891. 

.  Photograph! erbe  Entdeckiing  cines  Mundkraters  tui   Mare  N'nbinm,  nnd 

optiseher  Nacbwcia  dcAielbcu.     Astron.  Narhr..  131 :  l.'ii).     1892. 

.    Pbobigraphic  .liscovery  of  n  new  crater.     Pub.  .\.'>tratt.  So.-.  PaciGc.  4: 

177-9.     1892. 

Yocxii  (C.  A.)     ludexinapof  the  mono.     il.     Pub.  Astron.  iioc.  Pacific,  3:  30- 
1891.  , 
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Mooches  (Ameai<p  Kmest  Butth^lem.v)  [1X2I-'9^.J 

Kii'MPKK  (0.)[Hi"BraphiciiUkBtrh.]     Obsry.  ]5:  SOTv-T.     1892. 

Far  lU'-jrai^y.  V  aJH  Bull.   A«trnq.,flT    2»l  S.    IKK.    Aliui:   I.'Antivn.    Hi   281.    IMS. 
Tor  farln'l  xv  lliill  H'<tron.  B:3»<l  Mullet  ISW. I 

ITAdiiinatnuneat. 

BeCK  (A.)    Nenes  liistrmnniit  /.nr  Zeit-iiiiil  I'oliK'ilieiilieatimDimiK.    il.  Astron. 
Nftchr.,  126:  385-9S.     1891. 
Nebnla  in  Audromeda. 

Roi>ERTH(I.)     Photographic  eviileiico  of  variability  ill  Ibe  niicleiiH  of  the  ureat 
ueljul.1  in  Anilmmeihi.     Month.  Xot..  hi :  116-8.     1W>1. 
Nebula  in  Lyra. 

Keeler  (.1.  E.)    Ontrnl  -tar  of  the  ring  naliulu  in   Lyra.     Astrou.  Nacbr.,  130: 
227.     1892. 
Nebnla  In  Oiion. 

Ambronk  (L.)    AuxnitHgnngiles  Trupnzns  im  I >rionDeliel.     Aiitron.  Nacbr.,  130: 

»7-112.     1892. 
H(>L[)iiN(E.  S.)    Thu  nuhnla  of   Orion.    8  p.     il.     8vo     [Sun  Kraaciaco,  1''92.] 

Ilcpr.  from:    Ovcrlanil  Month.  Apr.,  1892. 
Xaki;amvala  (K.  D.)    Chiimcter  of  therhiefliiieof  theni-biilatnOdon.    Muntb. 
Not.,. ->1:  442.     1891. 
NeboUe. 

Ai(nlKNHiii.i)  (F.   S.)     Aiisiiredebntei-  Nebel  hei  ;  Pcreei.     Aatron.  Nacbr.,  129: 

l53-«.     1892. 
BAKSAKtiiE.  E.)    Two  probably  varable  nebnIiB.     Axtron.  Nochr.,  130:7.  1893. 
HK'riii'KDAN  <(•.}    ObHervationH  ile  nebiit«nw>i  et  il'aiQas  Bt«Ilairea.     PiiriH,  1891. 
Hn:  AMrini.  Jonr.,  11:  12S,    IBSS. 

.    Sur  niie  ufbnleuBH  variable.     (!oinpt.     lienil.,  112:  471-4.     1891, 

BrsNHAM  (S.  W.)     Monaurusof  ptunetary  nebula!  with  tbu  3S-iiich  ei|tia(flriat  of 
the  Lick  Observatory.     Month.  Not.,  52:  31-46.     1891. 

.    Observntionx  of  nnbiiln>  with  the  36-inih  .  .  .     Month  Not.,  r>2:  110-61. 

1892. 
DKXMiN<i  (W.  F.)     Variations  iu  Ditbnlie.     Obsry.,  14:  ItU.     1891. 

,    ?iiipposeil  variable  ]i»ltiitu%    Astron.    Nnohr.,  130: 231.    18<)2. 

DKKveit  (J.  L.  \i.)     Noto  on  Home  a]i]>iinintly  varialilo  ni>>>iil:F.     .Month.  Not., 

52:100-3.     1891. 
\V(>i.t'-(M.)    Xotfionanebiilaaiirrounctines'Orionis  dtaenvcr<'<]  bj  pliot(»icrapby. 
.1,  Brit.  Aitrou.  Ahsh.,  1 :  2.-.2,4.  297.     1891. 
Nebnls  (C'iitaIi>Kiiea  of). 

H[i)O0XDAK  ((J.)    N6biileiiB<>a  nouvellcii  docoiive.rt^s  fi  I'ob^eTvaliiiiii  il«  ['ari«, 

(Jompt.  R«u.l.,  113:647.  703,  848.     1891. 
Swift  (L.)    Catalo)rne  No.  10  of  nebnl*  iliHrovereil  at  tlii>  Warner Observntory. 
Aatron.  Naohr.,  129:  361.     1892. 
Nebnla  {MoticmnoO  in  tbtOine  of  night. 

Krrler  (J.  E.)     Motions  of  tbu  ni'liiil;.^  in   the  liur  of  Hi>;hl.     Dbsry.,  14 :  &2. 
1891. 
MebnlaB  (Spectra  of). 

Hals  (G.  E.)    Besearchea  on  tlic  ina){nesia  Anting  in  connection  with  the  spc.'- 

truofthenebnlB,     8iil.  Me**..  10:  2:t-30.     1891, 
Keelbk  (.1.  E.)     [Cbief  lino  in  Ihn  apentruni.]     Sid.  Mess.,  10:  264-9.     1891. 

.    Chief  linn  in  the  spertnim  of  the  nebiilm.    Ptoc.  Roy.  .Soc,  49:  399-103. 

1891.    AUo.  Reprint. 
Nebnlar  liypotbesls. 

Kerlrii  (.1.  E.)     [Ijeotnre  on]  tbn  nobiilar  hvpothesis.     il.     Astron.  anil  Astro- 

Pk,..   lt■.m,^m.   i«b2.  '  ,„  „„,C;«ogle 
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H6i*br.il.T.    il.    L'Astrou,,Il:36I-7. 

1892. 
N«ptui]e. 

Hoi.nBN  (E.  S.)     Historical  aole  relatiui;  to  tbe  tieari'li  for  tile  planet  Neptune 

in  England  in  1846-6.     Pub.  Astroii.  Soc.  PaoiG.',  -I:  21.     1892. 
Normal  equatlonB. 

Hriu<N.)    AiifluBUDgaeTNormalgluichungeii.   AHtron.  Nachr.,  129:  JtiS-e.    1892. 
Nova  Anrigte,  1H92. 

C'AMl'HKl.l.(W.  W.)    Spertriimof  Nova  Aiiri|;ae.     il.     Pub.  AstroD.  Sou.  I'aciBc, 

4 :  231-47.     1K32. 

.     Roceut  obsi^rvittioiiH.    Astroii.  ami  Astroplifa.,  11 :  713-9.     1X92. 

.    Spectrum  .  .  ,     in  Kob.auclMar.,lM92.     il.     Aatrou,  anil  Aatropb.v^.,     11: 

7it9-8Il.     1892. 
.     [Ob8ervntionsSopt.Kh><)i;t..l3,  1892.]     ABtroii.  ami  Astrophya.,  11:  (CO, 

1892. 

.     [Motion  iu  Ibe  linn  of  sight.]     Astrou.  anil  ABtiophvM.,  11 :  881.     1892. 

Ci.ERKK  (A.  M.)    I'lie  new  st.-ir  iu  Auriga,     .\strou.  and  AstropLys.,  II :   604-13. 

1892.     From;  Contemp.  Kov.  Apr.,  1892. 

.    Nova  Auriga>  ami  its  Buggestious.    Obsry.,  15:  286-9.     1892. 

.    Nova  AnrigiP.    Obsry.,  !.->:  33t-9.     1892. 

CoPELAKC  (H.)     [Discnvuryandspoctnini.]    Astron.  and  AstrophyH. ,  11:  593-603. 

1892. 
Crkw(R.)     Visiblitsiwctriimol'thenowHtar  in  Auriga.    ABtmn.  and  Astropliy*., 

11:231-3.     1892. 
KNPiN('r.  R.)    SitectTOscopirobsorvntionsaDdligbtciirve  .  .  .     J.  Itrit. Astron. 

Aran.,  2:  328-32.     1892. 
HiiLDKN  (E.  K.)    The  new  Mar  of  1892.     11.     CalirorDiau.  II.  Mag.,  1:  404-9. 

[Apr.]  1892. 
Hi;(}GiNS  (W.)     Rpertrnm  (it   Nova   Aurigif.    il.    Aatron.   ami  Aatrophye.,  II: 

571-81.  1892. 
Hcur.INH  <W.),  LocKYKR  (.1.  N.).  and  otiiert.     The  new  star  in  Anriga.     Obsry., 

15:136-13.    1892. 
PicKERiSM(E.  C.)    Nova  Aiirigii-.     Afltion.  00  d  As  trophy  8.,  11:417.     1892. 

.    The  DOW  star  ill  Auriga,    il.     Antron.  and  Astroph.vs.,  11:  228-31.     1892. 

t^CiiAKiiF.itLK  (J.   M.)    Theoretical    photographic  niagnihuleB.     Axtroii.  Jonr., 

12:36-9.     1892. 
Skbudek   (K.)      Ncnen   Ktc-rn  iin   Stcrnliilili^    Auriga.      Aslroti.   Naohr.,   I30: 

393-106,     18!)2. 
.     [Results  of  obstiivationB]  ua  tlio  new  star  in  Ihe  constellation  Anriga. 

Aatron.  ami  Astrophya.,  11:  !»0J-I7.     1892. 
SiiiiiRRAVKs  (W.)     (ipectnim   of  Nova   Aiirigii'.     Axtron.   nutt  Antroph.vii.,  11: 

S&1-7.     1892. 
.    Note  on  tlio  icvivul  of  Nova  Auriga.,     .\8tr(m.  and  As^rophyn.,  11 :  W2-4. 

1892. 
^'Ol>BI.  (H.  C.)     Motion  of  Nova  Anrigic  in   the  line  of  aight,     Astroii,  mid 

Astrophys.,  11:  391-3.     1892. 
Y(li;\'0  (C.  A.)  ami  Kked  (T.)     Observations  ...  at  Princeton.     AstroD.  and 

ABtrophys.,  11 :  289-91.    1892. 
Nova  of  1006. 

ScHftNFBi.n  (K.)     Nenen  Stem  von  1006.     Aatron.  Naohr.,  r-'7;  153.     1891. 
Nutation. 

FoLIE  (F.)     Forniiili^H  unrrectes  de  la  niitalion    initials.     Astrou.  Nacb..  128: 

6-12.     IKPl. 

'-m  Aufsatze  tloa  Horrn  Folic.    Astrou.  Noobr.,  128 ;  47.    1891. 
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Object  Olfuao*. 

Cooke  (T.)  St  Sour.  AdJuHtmetit  and  testing  ■>!'  telewropii;  uhjertiven.  6+49  p. 
il.  8vo.  York,  1891. 

8pitta(E.  .1.)  Note  on  Bome|ihotoiDetricesiierinii'iit9CODiiBi'ted  with  the  appli- 
cation of  th«  law  of  liniiliiiK  apertures  to  small  objcct-glaues.  U.  Month 
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Parallax  (Stellar). 
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143:aV»0.     1892. 
vos   Kbbri^I{-Pasoiiwitz  (K.)     IIorizontalpHirlel-UeobachtuDgen  in  'Wilheluiit- 
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BuKKHAM  (S.  W.)    Thecaroerafor  celoetinl photography.     Sid.  Moaa.,  HI:  32.5-8. 

1891. 
HAltKNK*i  (W.)     AstronomicBl  photography  with  oommercinl  lonses.     Astron. 
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Har/ek(P.)    Ueber  Slernphotograpbien.     Astron.  NacJir.,  130:  113-20.     1892. 
.Iacohy(H.)     Ri'duction  of  astronomical  photographii;  measures.  Astron.  .lour., 
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Photography  CStellBr)— t.'ontiiiii.?il. 
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15:49-55.     1892. 
Wkllman  (V.)    Uill&mittel  tar  Erkeitiiung  von  Beweguiigaentclieiuungen  ftuf 
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Mikromcternu'KHiingeu.     Astron.  Na.-hr.,  130:  mSG.     1892. 
Piominenoes  (Solar). 

KvKRSKRD(J.)  Jr.     Distribution  of  the  solar  prominences  of  1S9I.     J.  Bi-it. 
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Pelin  nmiadlHo  adili-d  to  Zor>1o;,'iuul  Park T.< 

Peccary  prescDted  to  'Aoiiiagieal  Pnrk 71.  W 

Pendulum  oliservatioiis.  contiriuatiuii  of Iti 

PfUiinylTnoift,  York  County,  Inclinu  Iinnting  gronnd  in,  relics  of .Wi 

Perkins  collection  of  coiiper  iinjikments,  pnn-haHo  of Ill 

Permaneut  funds  of  tb«  Institntion 4 

Ptiiry,  Ed&  Co.  grant  Aec  fVeigbt 61 

Pi-ni,  exchange  agency  in Ki 


Phtli|ipine  iHlamls,  exchange  agency  in 65 

I'etcrsen,  H.,  presented  swift  fox 71 

PhcipK  Brothers  &  Co.  grant  free  freight 61 

I'liologmpbic  work  of  Bureau  of  Kthiiology  .'." 

l>br>noHi>ina<long1asii.  ailded  to  Zooloxii^al  Park 73 

Pbynienl  Appanitiis  collection  of  Mnsetnu,  ini'rcase  in '21.33 

geology  collection  of  Xnseuiu,  iucreiiso  in 2-^.  23 

PliyHiolugiciil  Hcti»ii  of  cbemical  coiuponnds,  investigation  of 7 

Plciipiciibndsonift  added  to  Zoiilogical  ["ark 7:1 

Pii'lnre-wriliiig  of  Anicriciin  Indianr.,  paper  on 53 

Pigeon  b II wk  p lew II toil  to  Zoological  Park 71.73 

Pilling,  .lames  C,  bibliography  of  the  Algoiii|iiiu  langoageH 5K 

biblingrapby  work  of 56, 57 

Pini,  Ponvo.iil  &  ('o.,  grant  free  freight 61 

Piuo  Jtidge  Ueservatiou,  collection  nnide  .it 52 

Pioneer  Line  grant  In*  freight 61 

Pipestone  iiuarryiexaniinHtion  of fMI 

PinteH,  invcHtigation  made  among  the 52 

Plan  of  the  Zoi>logical  Piirk 40 

Polar  bear  added  to  tbu  ZoTilogiciit  Park 73 

Pol.vcbriis  iniirmoratns  added  to  Zoological  Park 73 

PolychriiB  added  to  Zoological  Park 73 

I'olyncNiit,  eiirhange  ageoty  in 65 

Polynesian  Bow,  by  E.  Tregear lOa 

Pomiires,  Consul  Mariann,  grants  free  fteigbl 64 

Pond  for  aqaatie  auimals  conteiii]>1iited  in  Zoological  I'avk 7(i 

Pond  in  Z.Nlloglci.l  Park,  ci*t  of 3!i 

Piin-eluin  collectiiin  of  Mnseuni,  increase  in 21,2:1 

DC|-:ec  by  Google 
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Porcupine  added  to  Zoological  Pwk 73 

Purtau  Prince.  Haiti,  excbauge  a)^DCy  in GB 

Porter,  Dr.  Noah,  death  of 2 

necrology  of 46 

Teaigned  from  Board  of  Regenta 2 

Port  Louis,  Mauritius,  exchange  agency  iu 65 

Portraits  of  North  American  Indiana,  collection  of 57 

Portugal,  flicbange  agency  in 65 

tranamiBsiouH  to 67,68 

PoBt-Offloe  Department,  excliangea  of 62 

Postage,  CongreMional  appropriation  for 5 

for  National  MuBcum,  deliita  of  expenditures  for xixiv,  xlii 

Museum,  eatimfttea  for  1893 6 

exchange  aervice 61 

Potomac,  CboaBi>«slce  region,  archteological  exploration  of 50 

Potomnc  Rivri,  ahell  depoeita  of,  examination  of 19 

Pottery  collection  of  M-isenm,  increase  in, 21,23 

uf  the  American  al>originea.  paper  on I>3 

prehistoric  New  Mexican,  paper  on,  by  Henry  Hales 53S 

Powell,  J.  W.,  director  Bureau  of  Etbuology 27,58 

of&ce  workof 53 

paper  ou  Indian  linguistic  families  of  America 57 

report  on  Bureau  of  Ethnology 28,48 

Powhatan  laugnagea,  work  on 5ti 

Prairie  dog  presented  to  Zoological  Pork 71, 7S 

Prehistoric  authro]iolQgy  collection  of  Musenm,  increase  in 23,23 

New  Mexican  Pottery,  paper  by  Henry  Hales 535 

works  eaat  of  the  Rooky  Monntaina,  paper  on 53,54,58 

Preaent  problems  in  evolntiou  and  heredity,  paper  by  Henry  FairtleldOsbom.      313 

Prewntations  to  the  Zoiilogical  park 70,71,72 

Preservation  of  collectiona,  Cougreaaional  appropriation  for S 

details  of  expenditures  for..  XX  vii,xixi,  xxxt,  xxxvl,  xlii 

OHtimatea  for  1898 6 

Primitive  number  ayateniB,  paper  on,  by  Levi  L.  ConHUt 583 

Printing  of  annual  report,  Congressional  resolution  for ii 

for  Mnaenm,  Congreaaional  appropriation  fur 5 

paid  for  on  acconot  of  exchanges 61 

and  liiniliug,  fur  Huaenm,  eatimates  for  1893 6 

Probleniij,  cuntineiital,  of  geology,  by  S.  K.  Gilbert 163 

preaent,  in  pvolntion  and  heredity,  paper  by  Henry  Fairfield  Osbom.       313 

Proceedings  of  the  Board  of  Regents,  journal  of xi 

National  Mnaeuiu 27 

Procyon  lotor  added  to  Zoological  Park 73 

ProgreHS  in  anthropology  in  1892,  report  ou,  by  O.  T.  Mason 465 

ustronomy  in  1891,  1892,  repori  l)y  W.  C.  Winliwk C8l 

molecular,  in  msguctic  iudoction,  paper  by  .1.  A.  Ewing 255 

Pnisain,  Government  exchanges  for 68 

Puldic  Printer,  exchanges  of 62 

Pablicatiuna  for  Ihc  year  1892 80 

Contributions  to  Knowledge 11,80 

Lnniir  photographs 11 

Miaccllaneoiis  CoUectioua 11,80 

ijmitliBoniun  tables -., '"' 

Annual  reports LiLlO^ljlO 

H.  Mi<s.  114 51 


l)lifuti<ms,  Siicretarys  irport  oa 

i9B)ie<l  by  Ibc  Durean  of  Ktliuulogy  Unriug  the  war. . 

of  Nstionnl  MuHenm ... ..... . 

■     reeeiveii  by  tbe  library 

nhnscH  l>y  MiiKeiim,  Cnii^rroesioQal  appropriations  for 


Qiiairiea,  unci 

(jiiutrefagvs,  Orniaiiit  ilu,  od  tb<-  uilvunt  nl'iiiau  in  America .513 

Qnecn»Iau<1.  oxcbange  agency  iu 66 

transiiiiHeinnH  to 67,  S« 

(jnitor  Ecuador,  exchange  agency  in ; 66 

R. 

Kul  I  hit  ail  dciL  to  Zoological  Park 73 

Kucouoiib  adilMl  to  Zoiilogical  Park 71,73 

RuinBtonns  dimiHtroiis  to  ZoologirnI  Park 6M 

Kamsay,  Prof.  William,  on  Huggentinns  regvrding  Holntions 299 

paper  on  liqui'ls  audgascR 303 

Rappahannock  Valley,  arehipologiciil  exploration  of 49 

Kat  preHonted  to  Zoological  Park 71,73 

Rnttlesnakee  added  to  Zo51ogical  Parlt 71,73 

Kc-nppointment  of  rogentB ■ —  2 

Recapitulation  of  exchange  work 68 

Recent  plant  collection  of  Muaeuni,  increase  in 22,23 

Receipta  on  jic<'ount  of  exchanges 13,60 

for  the  year xxui,xiiv 

Recoidn  in  exchange  bnrenii 63 

Red  fox  presented  t4)  Zoological  Park 71,73 

Itcd  iiii)e»tone  <inarry,  examination  of 60 

Reil  Star  Line  grant  free  freight &i 

Redtailed  bank  presented  to  Zoological  Park 71,73 

Reductions  in  appropriations  for  Zoological  Park. 39 

Reduction  of  Zoological  Park  force,  damages  occasioned  by 33 

Regents  of  tbe  InHtitntion ix.x 

appointment  of — xiv 

<*ongr>'(isioiiat  resolutions  appointing xlv 

{Ser  Itoard  of  Regents.) 

Board  of,  ehangos  in 2 

Irases  by  death 2 

meetings  of 1.2 

members  of 2 

n-Kotutions  by x,  xi,  xii.  zili.  xiv,  xvi,xvil,  xix.xlv,  xlvi,3,37 

Kc-iiiibnrHenicnl  to  SmitliRonian  InstitulioD,  deficteney  appropriation  for XI 

Ke|iiveuuMeenci'of  crystals,  paper  by  Prof.  John  W.  Judd 281 

Relics  of  an  Indian  bunting  ground  in  York  County,  Pn.,  paper  by  A.  Warner.  535 

Religion  of  Zufd  Indians,  investigation  of BI 

Remains,  iilioriginni,  in  the  valley  of  tho  Bio  Verde,  Arizona,  paper  on 54 

Indian  ou  tbe  I'pper  Yellowstone,  paper  hy  <'ol.  W.  S.  BraokeH 577 

of  -■'luitbHnu,  removal  of,  considered  by  Board  of  Regentt xvii 

Rcniiival  »t'  the  remains  of  Smittison,  contiidere<l  by  Board  of  Regents x*ii 

Re-iwtymeiilsoli.iceouiitof  exchangcB 13,60,61 

lo  Institution,  amounts  derived  from , xxlv 


Ur|)OTt,  animal,  of  Itonnl  <if  lli'([eiit« i 

at  tbf  Mtrini;  iiimiit^r  uf  tlic  Natioiiul  ZiHiliiKicnl  I'lirk  lii) 

cnratur  of  L'XchauKi'x M 

ilirvctoT  of  III*!  Duruuii  of  KtliDolnj;}' J«,  48 

Ex«ciitlvn  Committei' xiiii 

appro  print  lull  for  iutemntiiinal  excll.1lll;l.<^4 Kxiii 

National  Miiwiim ixvii, 

N&tional  Znolo;:)cal  Park xxsviii 

North  Aiiiericuii  Etliuoli)j{y _ xxTi 

SmithiMiiiiau  biiildiiiK  repiiira xl,  xli 

condition  of  the  ftiml xsiii 

cxpeuditiiTeH  for  thii  your \siii,  xxiv 

iuooDie  avail al lid  tiiretiHihng.venr xli,  xlii,  xHii 

reiriptB  for  till' y par xxiii.  jixiv 

Hales  and  ri-iiayimiutH ;  — xiiv 

lilirariiuL 74 

pToKTi'HH  ill  BUtliropuloKy 4l>ri 

aHlrononiy 6S1 

|]i»  Socrrlary 1.S3 

Apiwnilix  ti> lit 

Itiirenii  of  KtUnology 1*7 

liiini'Hllnneoiis  olijui.ti Hi.  17 

NKtioiidl  MoHeum J(i 

Nntluual  Zoolo(!ienl  Part -JX 

NeiTotogy I.'i 

the  Smithsoninii  IiiMtitntiou 1 

Eeport  on  the  migraliou  of  l)inlH,  by  ["rot',  li.  .1.  A.  Palini-r 37') 

Hrptile  colloctlou  of  MiiHeum,  inireaHe  In .!2.Z\ 

Reptilea  in  ZoSloglcal  Park 70 

Reirell,  Mn.  M.  0.,  proHenttil  ennilhill  craoe 72 

Kt'HearcheH  roiKlucteil  by  Institiitiou 7.  8 

ABtro-|)hyaical  Ohservatorj' ** 

by  Prof.  A.  A.  Michelaon 7 

hy  Prof.  E.  W.  Morley 7 

by  Dr.  Woloott  Oibhe 7 

hina  photographs  by  I^iok  Observjitory 7 

BiiliBcrlption  to  Aslroiiouitcal  JoiirDal  7 

Rpniiluary  legacy  of  SiuithHon,  amount  of 4 

ReHolutiona  by  Itoan)  of  Regpnta  relative  to — 

appointment  of  peraoii  tii  apt  in  tho  absence  of  Ilie  Sucretiiry  iiiiil  iLsnixt- 

aut secretary .- xis, 3 

appropriatioa  of  Smithsonian  income wi 

AHtro-pii.vBloal  tlbservatory xvi 

CoDgreBaional  appropriation  tomei^t  miHi'OllaneoiiH  uKpciiHiis xk 

Hodgkins  donation- xi,  xii 

National  Zoolugira)  Park xili,  xsi.ST 

obitnary  notice  of  the  late  Gen.  MeigH Ki\- 

removnt  of  the  rouiains  uf  Smithaon xvli 

Resolution  by  CougreMR  appointing  Smithsonian  Ki');<!ntH xlv 

to  enconrage   the   establixhnienl   anil  cndownicnt  nl' 

iuHtitutionn  of  learning xlvt 

Resolutions.     (See  Cougriwsional  ruHoliitinns.) 


:ect>Gl.")Oglc 


RpjTOiirces  of  Z<«.loj;tical  Fiirkaie  iiiaufficieiit 

RcHtor.itiiin  "f  the  ruin  of  C'atia  Grande 

Runnrvi'y  of  nuKivnt  workti  in  Ohio 

RenleanK,  P.,  paper  on  technology  ami  oivilizaljon.. 

Rpylijnrik,  Iceland,  eicbnnge  agency  iu 

Rlio<le  River,  arcliieology  of,  Rtiidied  by  W.  H.  Holmi 

Rirhmouit,  C.  W.,  collections  maile  by 

RiggH,  SCupheo  Return,  Dakota-English  Dictionary  li 

Rill  Joueim,  exclisnge  ngeui-y  iti 

Rio  Venle,  Arizona,  arrhipological  exploration  of 

valley  of,  ftlmriginal  remains  in,  paper  on 
Roa<ls  in  Zoological  Park 


Rock,  A.  M.,  presenteil  snapping  tnrtle 

Rockliill,  W.  Woodvillo.  explorations  in  Mongolia  itnil  TliiVict 

Rome,  Italy,  exchange  agency  in 

Romeyn,  Cupt.  Henry,  presented  black  unake 

ground  rattlesnake , . 

hog-noseil  annke 

king  snake 


whip  snake 72 

Rooms  for  Rcientinc  work,  asaigDmeut  of 16 

occi-pieil  by  exrliaoge  force  are  rofinired  for  library 14 

Sonmania,  exchange  agency  in 66 

transraissioua  to 67.68 

Royal  Danish  conaiil  grant«  free  freight '. 64 

Rnb«rt,  J.  A.,  preaented  woodchnck 71 

Rninof  Caan  Grande,  reatflration  of 28 

repaired  by  Cosmos  Slindeleff 54 

Riiij;,  C'oiianI  L.,  grants  free  freight 64 

RasHia,  Qxchange  agency  in 66 

transmissions  to 67,68 


Sacred  formalas  of  the  Cberoki'cs,  ]>aper  ou 57 

Sacra,  Ralph,  presented  flying  aqiiirvcl 71 

Salaries  paid  on  acconnt  of  exchangrw 61 

Sale  of  bonda,  amoDuts  received  from 4 

Salo  list  of  publications  of  the  Smilhsoninii  Inatitnlinn 83 

Sale  of  publications,  etc.,  amount  derived  ftoni xxiv 

Salishan  bibliography,  work  on - 56 

Ran  Domingo,  exchange  tranamiaaiouK  to 67.  68 

Sau  Jose,  Coata  Rico,  exchange  agency  in 65 

San  Salvador,  exchange  agency  in 66 

■      transmiasioii   to 67,68 

Sandhill  crane  prcsentoil  to  ZnTdogical  Park 72.73 

Santiago,  Chile,  exchange  agency  in 65 

SapajoDH  added  to  Zoological  Park 73 

Saunders.  E.  A,,  assistant  in  Astro-physical  ObsiTv.itory 10 

Sanromalis  ater  added  to  Zoological  Park 73 

■iving8,Hmountof 4 

xouy,  (iovernmeut  exchange  llir 6l* 
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SrantisesH  of  reaonrcea  of  Zoulogical  Park 70 

Scbmiilt,  E.  8.,  prcaeated  American  eaglu 72 

Schumacher,  A.,  &,  Co.,  grant  free  freight 64 

Sciiirnptenis  vulncella  added  to  Zoulogioal  P:irk 73 

Screech  owl  presentetl  to  Zoological  Park 72,  73 

Souddet,  N.  P.  actins  librarian 79 

Secretary  explaiuB  to  Board  of  Regeuta  the  nature  of  tlic  propoepil  Hmlgkine 

donation i\ 

employment  of  Kidder  beqneet  and  Bell  donatiou xvl 

letter  of,  tranamitting  annnal  report  to  Congresn iii 

relative  new  Muaeuni  building 6 

to  Secretary  of  Treaaur;  on  nrgent  needs  of  the  Zoologi- 
cal Park 34,35 

trangmitting  extimates  for  Zoological  Park 38,39 

plan  for  increase  of  the  lihrary,  result  of 15,74 

presented  anunal  report  to  Board  of  Regenla xvi 

remarks  to  Board  of  Regenbi  on  condition  of  Zoological  Park xvit 

rvportfoT  1892 I 

report,  appendix  to 49 

Senate,  excUangea  of 62 

Serria,  exchange  agency  in 6S 

transniiMlona  to 67,68 

Serriees  of  engineers  of  Zoological  Park,  cost  of 39 

Seventh  annual  report  of  the  Buroan  of  Ethnology 27,57 

Sewerage  in  ZoTdogical  Park,  coHt  of 89 

Shanghai,  China,  exchange  agency  in 55 

Shawano,  locubnlary,  work  on S6 

Shell  deposits  of  lower  Potomac,  examination  of 49 

Sbell-work  of  the  American  aliorigines,  paper  on .' 63 

t!henandoah  Valley,  archieological  exploration  of 60 

Shipping  agents  granting  frex  freight,  list  of 14, 64 

Shoemaker,  C.  W.,  translation  by 376 

Sfliut«,  D.  Kerfoot,  paper  on  the  anthropology  of  the  brain 695 

Simonds,  Hon.  William  E,,  member  ex  officio  of  the  Establishment ix 

Simpson,  G.  W.,  presented  marsh  hawk 71 

Signal  Office,  exchanges  of 62 

Skunk  added  to  Zoological  Park 73 

Slow  freight  employed  in  exchange  transmissions 63 

Snapping  turtles  presented  to  Zoulogical  P^k 72,73 

Snakes  added  to  Zoulogical  Park 73 

presented  to  Zoological  Park 72,73 

Smithson  bequest,  condition  of 4 

remains  of,  removal  of,  ooosideied  by  Board  of  Regents xvii 

tomb  of,  conditions  of. xvli 

preservation  of 16 

Smithsonian  building,  details  of  expenditure  for xl,  xli,  xlii 

repair.  Congressional  appropriation  for xl,  xli,  xlli 

Contribntions  to  Knowledge  for  the  year 60 

fund,  condition  of, xiiil 

expenses  on  acoount  of  exchanges 13,  14,  61 

groands,  care  of,  Congrassional  apiiropiintion  for xlv 

International  exchange  ser*  ice,  Secretary's  report  on J3 

Mlsrellaneous  Collections  lor  the. veiir 

tables,  publication  of .;i... .„!.,. 
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KuiillkMiaiaB  iBKiiiutiou,  ronilitiDii  of  funil xxiii 

Cuii{n««<iuiislii«<NamlresolutiuuHre!ntivot<> iIt,  ilvi, 

xlvii.xlviEi 

excbaagCBof 62 

rxymditune  for  the  year ..xxiii,  ixiv 

iiKuaH«T»iliible  for  emtuiug  year xli,  xlii,  xliii 

wetevivlagicftl  work  of 89 

(Mfiptsforlbeveu xxiii.  xxiv 

tv[KH(  of  [Secretary I 

AdminisCnittoti 2 

ABtca~pli.TStc»l  Observatory .  8 

Board  of  BegcDto 1 

Bnjltlin^ 6 

EstabliBluueDt I 

Expl<«atii>OH 10 

ttiukaces S 

tuli'raatioiul  exchuiiites 1:; 

LibrarT- 15 

FubiicalioDB 10 

Bweaii-h 7 

Salee  and  repay lot'DtH xsiv 

.■*iNi|>iU)[  ci'ywM,  palter  tw,  by  Arnold  Hagae 153 

.VKicatiiiiu  i|uitrrii!<*,  auvii^ut,  fsainitiation  of 49 

iiiK'iulii'H  iu  i-vrr«»puudvu€v  irith  Excbongp  Bureau i;i.  5<J.  Oi).  til 

Sorii.luKy  iif /iitti  luili.-uiis  iuTe«tigntion  of ,11 

Suit  tlii'll  turtle  pieertitetl  toZoulo^ii-alParlc TJ.  73 

VluiioiiH.  KiHicou-t  theory  uf,  dmliu'tionB  ftom,  paper  by  O.Uatuioii ■Jl'ii 

HUK>;twtiotks  r^);aTdiDK.  I>aper  by  Prof.  Williiiiu  limusay -Jde 

.Siiiilh  AuK-riian  batraehinms  adileil  to  Zoological  Purk 73 

il««r  preeeuted  to  Zoologicnl  Park 71 

lizard  added  tu Zoolugiial  Park 73 

i^iiiilh  AuHtrnlin,  exi-bange  agency  in _. S6 

trauiuiiiBaions  t« 67.68 

SiiuiliKlvvi.  avuhieotuKy  of.  studied  by  W.  H.  Holmes 49 

>ii>utlit\(<«t<u'u  arc htt-ologioal  exploration  organized  by  Frank  H.  Cusbing 55 

np.iiu,  i'\i'hiui);o  aguury  in 66 

li'ituaiiiiHnioua  to 67.68 

^liuiivvv  biiwk  pn>s(>Dteit  to  Zoological  Park 71.73 

.■3|>4iiKliiiu,  tloii.  (>.  L.,  letter  traoMniitring  estimates  for  Zoolo^iicnl  Park 36 

nyriul  uiiwtiiiK  of  the  Board  of  Kogonta xxi 

:»|..v, luuua.  dlHtrlbiitiuu of SS 

-il»iun>l'l>iliw  triileeim-linoatus  added  to  ZoTiloglcal  Pnrk 7S 

■jijiiiuiil  pniwiiti-il  to  Zoological  Park 71,73 

ftl.   Hctiuiu,  (>x<<hange  iigcucy  In liS 

■ji,  .liilma,  Newfounilland,  exchange  agency  in  65 

-It.  IVU>inbnrg,  Knssia,  excbnnge  agency  in 66 

.ii.il>liit,  J-  I'..  pvuacDted  black  snake 72 

ii.t»l»iil.  tlou.  lit'lanil,  letter  to,  relative  to  new  Mnseum  bnilding 6 

-.1.11  lu,  lion.  J.  H.,  presented  aebii 71 

■UW  itiHlllntlonH,  repayment  by,  on  account  of  exchougea 13,60,61 

^tMMuvul,  tiihnlar.  uf  the  increase  of  the  Mnsenm  collections 21,32,23 

cxi'bange  work 5n,60 

■nienl,  itppmpriation  to  for  Columbian  Kistoriral  Kxpoaition  nt 

r, 'aK^ic""'' 


statu  Department,  cscbaiiges  of 

St*ti(H)ory  for  excbaoge  Bervice -■ 

fjtatiatical  Bureau,  excbaDges  of 

Statue  of  Prof.  Bainl,  bill  for,  failod  to  pasB 

Statue  for  Robert  Dale  Owen,  bill  for,  failed  to  paM 

Status  of  tbe  mind  problem,  pap«r  by  Lester  F.  Wsnl 

Steam  Engineering,  Bureau  of,  exclianges  of. 

SteamBbip  conipaniea  gratiling  free  ftei|;ht 

StearuH.  l>r,  R.  E.  C,  presented  homed  toad 

Sterrett  Bros,  presented  alligator 

Stereotyjxi  platen,  Hysteiuatic  arrangement  of 

Stiivensou,  Matilda  C,  field  studies  of 
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